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THROUGH THE EYES OF THE EDITOR 


Frederick S. Meyer discusses his theories 
relating to occlusion and mastication and de- 
scribes his technique for developing balanced 
occlusion in complete dentures. His concept 
of centric relation and centric occlusion is 
different from that of most contemporary 
authors. He considers centric relation as “the 
relation of the mandible to the maxillae when 
all muscles of mastication are in complete re- 
laxation, with the teeth not in contact, as 
when a patient sits erect in deep thought.” 
(Excerpt from a letter to the editor dated 
Dec. 11, 1958.) He considers centric occlusion 
as “the automatic determination of the closed 
centric relation of the mandible to the maxil- 
lae at the 


vertical dimension.” If 


these special connotations of these terms are 


chosen 


not kept in mind, some of his procedures may 
seem confusing. However, his generated path 
technique is an ingenious procedure which, 
if properly carried out and controlled, can 
produce a balanced occlusion. Modifications 
of it are especially valuable in single denture 
and fixed partial denture construction where 
the opposing teeth present badly aligned oc- 
clusal surfaces. Since the technique involves 
lateral and protrusive jaw motion when the 
generated path and stone path are formed, 
care must be exercised to prevent movement 
of the recording bases on their supporting 
structures. 

Elmer E. Francis, Jr., discusses jaw re- 
lations for complete denture construction and 
describes his techniques for determining them. 
The procedure for establishing the vertical 


dimension of occlusion is most interesting. It 
is based upon the fact that two rotational cen- 
ters of rotation are involved in the opening 
movement of the jaw. One is the “hinge” 
movement about the condylar axis, and the 
other is below and behind the condyles as 
the condyles move forward on the articulating 
eminence. The vertical tracer makes a 
graphic representation of the two rotations 
which were suggested by A. K. Parks many 
He suggests a logical sequence 
jaw 


years 
for the 
relations. 

Clyde H. Schuyler 
guidance and its influence in restorative den- 
tistry. He recognizes differences between the 


ago. 
registration of the various 


discusses the incisal 


requirements for the occlusal relations of 


occlusal relations of 
This is an im- 


natural teeth and the 
teeth on complete dentures. 
portant distinction because it is directly re- 
lated to the health of the supporting struc- 
after treatment has been completed. 


The process of continuing eruption of natural 


tures 


teeth requires the control supplied by occlusal 
contacts. He points out the need for balanc- 
ing-side contacts for complete dentures and 
duestions the desirability of similar balancing 
contacts on natural teeth. Certainly, excessive 
balancing contacts are likely to be damaging 
to the supporting structures of the teeth, and 
if the teeth are natural, the possibility of dam- 
age to the temporomandibular joint cannot be 
ignored. He suggests a technique for arrang- 


ing and shaping teeth which will provide 
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clearances which can occlusal dis- 


harmonies. 


prevent 


Phillip Lopate discusses the anatomic ab- 
normalities which may complicate the ad- 
justment period for complete denture pros- 
theses. He points out various conditions which 
could cause trouble and suggests a means for 
avoiding the trouble. He is to be congratu- 
lated for winning the second prize in the 
Prosthetic Essay Contest sponsored by the 
American Denture Society. 

Daniel W. Borkin describes his technique 
for making impressions for patients who have 
an overactive gag reflex. He makes use of 
wax as the impression material because it 
can be molded by reinsertions and set quickly 
by ice water. 

Richard L. Christiansen discusses the ra- 
tionale of the use of the face-bow in complete 
denture construction and reports his experi- 
He is to 
be congratulated because this essay won first 
prize in the 1958 Prosthetic Essay Contest 
sponsored by the American Denture Society. 

Johan Ulrich has reported his investiga- 
tions of the temporomandibular joints and the 
kinematics and actions of the muscles of mas- 
tication. This work, as translated and con- 
densed by Ulf Posselt, could serve as_ back- 
ground for further research with modern 
scientific instruments. The current contro- 
versy regarding mandibular movements makes 
this report particularly interesting. It should 
be noted that even though specific 
ments can be demonstrated and repeated, the 


ments to determine its effectiveness. 


patient can make many thousands of mandib- 
ular movements in different directions as 
guided by the neuromuscular system. The 
fact that the mandible can move in a certain 
way does not indicate that it always moves 
exactly this way. 

Heinz O. Beck makes a clinical evaluation 
of the arcon concept of articulation and de- 
scribes his experiments regarding hinge axis 
movement. These ingenious experiments raise 
some doubts about the accuracy of the location 
of the mandibular hinge axis upon patients by 
means of kinematic face-bows. However, he 
points out that further investigation of this 
problem may be advisable. He suggests that, 
on the basis of results with four sets of den- 
tures made for the same patient on the same 
bases, an arbitrary location of the transverse 
axis of mandibular movement is adequate. 
This judgment was based upon observations 
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of the tissues under the dentures. It is pos- 
sible that more definite conclusions could have 
been drawn, one way or the other, if the ob- 
servations had been made of the occlusion of 
restorations fixed to natural teeth. The move- 
ment of the recording bases in relation to the 
supporting maxillae and mandible remains as a 
problem of accurate hinge axis determination. 
Honorato Villa A. discusses the require- 
ments of articulators for the reproduction of 
lateral mandibular movements. His experi- 
mental models illustrate his contentions very 
nicely, and his premise that an accurate diag- 
nosis of mandibular movements is essential to 
the design of restorations is reasonable. How- 
ever, a sound concept of occlusion and jaw 
motion in the mind of the dentist can over- 
come some of the inaccuracies of articulators, 
provided the dentist uses this information. 
Arthur F. Schopper distinguishes between 
the loss of vertical dimension and the lack of 
vertical dimension in his of the 
diagnosis and treatment of reduced vertical 
dimension of occlusion. This is important be- 


discussion 


cause the difference must be recognized if un- 
desirable dimension of 
occlusion are to be avoided. He recommends 
the use of different types of treatment accord- 
ing to the cause of the loss of vertical dimen- 
sion. This seems to be a logical approach to 
the problem. 

Frederick S. Meyer describes his generated 
path technique as it is used in fixed partial 
denture construction. Even though the pro- 
cedure may seem to be complicated, it is not. 
If it is properly carried out, it will develop 
occlusal relations in the restoration which are 
in harmony with the other teeth in the mouth. 

Frederick S. Meyer discusses the distortion 
caused by soldering of fixed partial dentures 
and describes his method for eliminating it. 
His laboratory tests indicate that the method 
is effective. 

Kamal Asgar and Floyd A. Peyton report 
their studies of the causes of pits on the 
inner surfaces of cast gold crowns. Over 500 
castings were made by a relatively low-heat 
hygroscopic expansion technique. The _ re- 
sults indicate the variables which cause the 
defects and indicate a means for avoiding 
them. 


increases in vertical 


A. H. Tamarin describes his technique for 
making a gold crown with an acrylic resin 
veneer which extends entirely around the 
crown. The gold occlusal surface provides the 
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necessary abrasive resistance while the acrylic 
resin improves the appearance of the restora- 
tion. The advantages are apparent, but the 
restoration could not be used on a tooth 
which was to be clasped. 

Stig G:son Ostlund describes his apparatus 
and technique for testing the resistance of 
die materials to cutting. He compared other 
test methods and found them to be inade- 
quate. His method is simple and seems to be 
capable of overcoming the inadequacies of the 
other methods. The results of his tests show 
considerable variation in the ability of dies to 
resist cutting. The cutting resistance of dies 
is becoming an increasingly important factor 
in the selection of die materials for fixed par- 
tial dentures. 

Takao Fusayama discusses the various fac- 
tors affecting the dimensional accuracy of 
dental castings and reports his investigations 
of these factors. On the basis of the results 
of comparative tests with patterns of different 
shapes, he suggests a technique to minimize 
the distortion which causes castings to be in- 
accurate. 

Takao Fusayama concludes the report of 
his investigations of the accuracy of dental 
castings. He found inaccuracies to be caused 
by different factors and devised a technique to 
eliminate these errors. If the technique is car- 
ried out skillfully, it should produce excellent 
results. 

Judson C. Hickey, James A. Kreider, Carl 
O. Boucher, and Otto Storz report a method 
for studying the influence of occlusal schemes 
on muscular activity. This is a part of a study 
to determine whether or not patients alter 
their chewing cycles when teeth with dif- 
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ferent occlusal forms are used. The con- 
struction of test dentures which are iden- 


tical in every respect except in the occlusal 
schemes is quite a problem. The use of un- 
vulcanized rubber as a test “food” makes the 
evaluations reliable and repeatable. The re- 
sults seem to indicate that important infor- 
mation could be obtained if a large number of 
patients were tested by this method. 

Howard J. Merkeley discusses the action of 
the muscles involved in the speech and cleft 
palate patients and describes the procedure for 
developing satisfactory speech aids for these 
patients. He suggests the use of a sliding 
hinge obturator, similar to that described by 
Malson (J. Pros. Den. 7:403-415, 1957). 
When these appliances are made for adults, 
the treatment cannot be considered complete 
until the patients are taught to change speech 
habits that have existed throughout their 
lives. Cleft palate patients are the most ap- 
preciative of all for the assistance that den- 
tists can give them to overcome their handi- 
cap. 

Robert V. Kesling points out some of the 
more common faults in scientific writing. 
These “crimes” cause some articles to be so 
difficult to understand that they are said to be 
read by only five people: the author, the edi- 
tor, the typesetter, the proofreader, and the 
author’s wife. It is hoped that this article 
will be helpful to authors in their efforts to 
keep their words from becoming “delinquents.” 
If an author has something worthwhile to 
write, the article should be written so clearly 
and simply that it cannot be misunderstood. 


’ 


—Carl O. Boucher 











COMPLETE DENTURES 


THE GENERATED PATH TECHNIQUE IN 
RECONSTRUCTION DENTISTRY 


Part I: Complete Dentures 


FREDERICK S. Meyer, D.D.S. 


Minneapolis, Minn. 


INCE THE DAWN OF modern dentistry, the main obstacles against placing this 

branch of medicine on a scientific basis have been the various forms of re- 
construction dentistry. The chief stumbling blocks in fixed partial denture work 
have been (1) lack of function and balanced occlusion in centric relation as well 
as in all the excursions of the mandible, and (2) tension on the abutment teeth 
caused by a faulty assembly of the abutment crowns or inlays and the pontics in 
the soldering. These errors can lead only to trauma and to an early loss of abut- 
ment teeth or of the opposing teeth. 

The stumbling blocks in complete denture work have been the same except 
that the distortions have come in the processing instead of in the soldering. How- 
ever, all distortions from faulty soldering can now be entirely eliminated. I 
mention fixed partial dentures first because, if the soldering operations were carried 
out in an accurate function, a great many patients might never need complete 
dentures. I finally came to the conclusion that the work I was doing in recon- 
struction dentistry had no scientific background. The only thing of which I was 
certain was that the occlusion would never be right when the restoration was 
placed in the mouth. Eventually, however, I developed certain basic theories and 
devised techniques which were based upon them. The results have proved to 
be extremely satisfactory. 


THEORIES OF NERVE CONTROL 


Certain basic theories which have helped me a great deal in perfecting the 
generated path technique are as follows: 
Given as a Limited Attendance Clinic before the American Denture Society, Miami, F!a., 


Nov. 3, 1957. 
Received for publication Nov. 3, 1957. 

















— GENERATED PATH TECHNIQUE. PART I 355 

1. Nature has built the occlusal surfaces and incisal edges of teeth to have 
certain curved pathways which balance and function harmoniously with move- 
ments of the condyles in the glenoid fossae. 

2. The motivating muscles that guide the mandible are controlled auto- 
matically from their own nerve centers. 

3. Certain stimuli set in motion the function of mastication. When a baby is 
placed at the mother’s breast or a nipple is placed in the baby’s mouth, the stimuli 
produce impulses which travel to the nerve center controlling the muscles of masti- 
cation. Likewise, food placed in the mouth of a patient provides the immediate 
stimulus for mastication. 

4. A person sitting erect, as at a table while eating, will close his teeth in 
centric occlusion when he has swallowed a morsel of food. 

5. All of the functions of mastication will be carried on automatically unless 
those functions are interfered with physically or mentally.’ 

6. Normally, no thought is given to the mastication of food. 

7. The mind is called upon for voluntary help in controlling the muscles of 
mastication only when the automatic masticating apparatus gets into some trouble, 
i.e., in trying to control an abnormally large bolus of food between the teeth or 
chewing on an accidentally dislodged inlay or filling (a physical interference). 

8. The automatic action in mastication may cease altogether if a person 
should be thrown suddenly into deep thought by witnessing, for instance, a serious 
accident (mental interference). 

9. No deep thinking can be done at the same time a person is concentrating on 
finishing his meal without a mental interference with the process of mastication. 
Thus, there are nerve connections between centers of automatic nerve control and 
centers of voluntary nerve control. 

10. One nerve control center may interfere with, or come to the aid of, 
another control center at times. 

11. The automatic center of nerve control of the muscles of mastication has a 
will of its own. If we tell the patient to move his jaw to the right, he will do one 
of two things. He will either ask you which jaw you mean or he will move the 
lower jaw to the left. If you tell him to move in the opposite direction, he will 
move farther in the same direction. If you press your hand against the left cheek, 
the patient will try to move to the left against that pressure. 

I shall attempt to show the connection between these theories and functional 
occlusion of teeth. 


FUNDAMENTAL ENGINEERING PRINCIPLES 

Prosthetic dentistry calls for the knowledge of some of the most difficult and 
fundamental principles of engineering. A few of them can be determined by ob- 
serving the mandible in function. 

1. Functional occlusal path is the automatic determination of the geometric 
harmonious relationship between the occlusal path (the functional occlusal path) 
and the condylar paths at a chosen vertical dimension. 

2. Centric occlusion is the automatic determination of the closed centric rela- 
tion of the mandible to the maxillae at the chosen vertical dimension. 
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3. Cusps and sulci analysis is the automatic determination of the relative height 
of the cusps and depth of the sulci, the marginal ridges, and the inclined planes to 
develop balanced occlusion during function. 

4. Development of cuspal paths and occlusal surfaces is the automatic de- 
termination of the geometric harmonious relation of the occlusal surfaces and in- 
cisal edges of every tooth (including the inclined planes, cusps, marginal ridges, 
etc.) to the paths of the condyles in the glenoid fossae, as well as to each other 
during all of the excursions of the mandible in the act of mastication. 


FUNCTIONAL OCCLUSAL PATH 


If the theories of the relationship between the condylar paths and the func- 
tional occlusal paths are correct, we must seek the help of the condyles moving 
in the glenoid fossae to restore the functional occlusal path. I shall describe the 
technique for an edentulous patient, showing how these fundamental principles are 
applied automatically through the help of the patient and his mandible in function. 

After making impressions and casts, a set of upper and lower wax occlusion 
rims are constructed on shellac baseplates. The rims are adjusted to the chosen 
vertical dimension, to be in facial harmony, to a chosen relation to the upper lip 
line, and to approach balanced occlusion in centric relation as well as in all excur- 
sive movements of the mandible (Fig. 1).? 

The wax occlusion rims are transferred to a plane-line articulator with the 
aid of a face-bow. Then modeling compound occlusion rims are constructed. A 
balance of the occluding surfaces of the modeling compound occlusion rims_ is 
generated in soft carding wax by gliding them together in the mouth instead of 
by trial and error. This is the first fundamental procedure (Fig. 2). 


CENTRIC RELATION 


The upper and lower occlusion rims with their functional occlusal wax paths 
are stapled together and seated on the lower cast on the plane-line articulator. The 
upper cast is removed from the articulator and reseated in the upper occlusion 
rim and the transfer is completed (Fig. 3). The counterpart of the upper func- 
tional occlusal wax path is poured in stone on the lower compound occlusion rim 
after removing the wax occluding surface from the lower occlusion rim. The lower 
stone path (Fig. 4) to which the upper teeth are set is thus arrived at automatically, 
and it is in geometric harmony with the condylar paths. If both upper and lower 
paths were poured in stone and cuspless teeth were set to this stone path, they 
would balance and function in all excursions because the stone path is in geometric 
harmony with the condylar paths. 

With the upper wax occlusion rim on the upper cast, the articulator is closed 
against the lower stone path. The anterior outline of the upper occlusion rim is 
outlined with pencil on the stone path below it (Fig. 5). The upper anterior 
teeth are set to this marking (Fig. 6). 

The upper posterior teeth are set against the stone path in their proper bucco- 
lingual relation to the lower residual ridge. The lower teeth are set to the upper 
teeth at the chosen vertical dimension of occlusion (Fig. 7). The wax trial den- 
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tures are then checked in the mouth for esthetics. The upper trial denture is re- 
turned to the articulator for final occlusal checking before it is processed. After 
the upper denture has been processed, it is replaced on the articulator while it is 
still on the cast and checked against the stone path for the correction of processing 
errors in occlusion (Fig. 8). With the vertical control set screws tightened, the 





Fig. 1. Fig. 2. 





Fig. 3. Fig. 4. 


Fig. 1—Wax occlusion rims are developed to determine the vertical dimension of occlusion 
and to provide the correct facial harmony. The occlusal surfaces are adjusted to occlude evenly 
in centric relation. . 

Fig. 2.—Functional occlusal wax pathways are generated in the mouth. (This articulator 
represents the mouth.) 

Fig. 3.—The functional occlusal wax pathways are stapled together and transferred to a 
Diane-line articulator having a positive vertical stop. 

Fig. 4.—The stone path on the lower occlusion rim is the counterpart of the upper occlusal 
wax path. 
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stone is removed from the stone path. The remaining base is built up with more 
soft modeling compound. The articulator, with the upper denture still on the 
cast, is closed against the soft compound in centric relation. This leaves the im- 
prints of the upper teeth in the modeling compound at the chosen vertical dimension. 

The modeling compound on the buccal and lingual sides of the base of the 
compound ridge which extends into the sulci of the upper posterior teeth is re- 


Fig. 5. Fig. 6. 





nig. 7. Fig. 8. 


Fig. 5.—The anterior outline of the upper wax occlusion rim is outlined in pencil on 
the lower stone path to serve as a guide for aligning the teeth. 

Fig. 6.—The upper anterior teeth are set to the outline on the lower stone path. 

Fig. 7.—The lower teeth are set to occlude with the upper teeth at the chosen vertical 
dimension of occlusion. 

Fig. 8.—The processing errors affecting occlusion are eliminated by grinding the teeth 
after remounting the upper denture against the stone occlusal path. The denture is remounted 
by seating its keyed cast in the plaster attached to the articulator. 
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moved. The compound is cut down approximately 2 mm. below the incisal edges of 
the upper six anterior teeth so that there is no contact with the upper anterior teeth. 
Then this part of the occlusion rim is built up in soft carding wax so that the 
incisal edges of the upper anterior teeth rest against the carding wax for final 
checking of the vertical dimension later (Fig. 9). This is the preparatory work 
for determining centric relation of the mandible to the maxillae when the occluding 
surfaces are in contact. It is the second basic fundamental .procedure. 

The upper denture is finished. When it is placed in the mouth, the upper den- 
ture feels more natural and is more firmly seated in position than was the bulky 
wax occlusion rim. The patient makes protrusive and retrusive mandibular move- 
ments several times without a contact between the compound cuspal path and the 
upper teeth. 


CENTRIC OCCLUSION AND VERTICAL DIMENSION 


Additional compound, softened over a Bunsen burner, is traced over the 
compound cuspal path from each cuspid region posteriorly. This compound is 
then resoftened with a Hanau torch until it flows. Then the occlusion rim is 





Fig. 9.—The wax in the lower anterior region serves as a guide in establishing the correct 
vertical dimension of occlusion. 


placed in the patient’s mouth. The patient is asked to move the mandible into 
protrusion and retrusion and to repeat these movements a few times without mak- 
ing contact of the compound with the upper teeth. As the patient is finishing the 
retrusive movement the last time, and when the jaw is back as far as it will go 
automatically, he is told to close very lightly and to hold the position without any 
pressure. The closure is stopped just before the incisor teeth contact the carding 
wax on the anterior segment of the occlusion rim (at the chosen vertical dimen- 
sion of occlusion). As the patient makes these protrusive and retrusive mandibular 
movements, he will never move the jaw laterally, and the movement will end in 
retrusion. This is centric occlusion (Fig. 9). 











360 a May-June, 193) 

Though the patient will not retrude his mandible back of centric occlusion while 
guided by the automatic nerve control of the muscles of mastication, he may be able 
to move it some distance back of centric occlusion when the muscles of mastication 
are guided by his voluntary control. 

Gothic arch (needle-point) tracers, used in dentistry, add to the bulk inside 
and outside of the mouth and tend to make the patient conscious of our efforts, 
which is not desirable. As a result, he will try to help out and, thereby, em- 
phasize his mandibular movements. For this reason, some people’s dentures are 
built back of centric relation. This gives them a great deal of discomfort, even more 
than when the dentures are constructed with the jaw in partial protrusion. 

When the modeling compound cuspal path on the lower occlusion rim has 
hardened, the occlusion rim is removed from the mouth, and the excess compound 
is again trimmed away from the lingual side of all posterior teeth and from the 
buccal side of the posterior teeth distal to the first bicuspid. The compound is 
reduced to 1 mm. above the base of the compound ridge on the first bicuspid con- 
tact, leaving a V-shaped depression which fits the buccal cusp of the upper bicuspid 
(Fig. 10). 





Fig. 10.—The buccal cusp of the upper first bicuspid fitting into the V-shaped depression 
in the lower compound cuspal path is the guide used to verify centric relation in the mouth. 


The lower compound rim is returned to the mouth, and the patient, sitting 
erect (as at a table while eating and then swallowing), is asked to close his teeth. 
The buccal cusp of the first bicuspids should close into the V-shaped openings 
created by it with pin-point accuracy on the first closure, and with no gliding 
after the first contact (Fig. 10). 

The centric occlusion record may be obtained by asking the patient to throw 
his head back before closing. Inasmuch as there is a tendency for the mandible to be 
pulled forward when a patient closes into soft compound or wax, we must have some 
means of holding this movement in check. However, centric occlusion must always 
be verified before proceeding. 
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This final checking of centric occlusion is one of the most important steps in 
reconstruction work because of the part played by the automatic nerve control of 
the muscles of mastication. 

If the patient should have closed with a partial protrusion when the centric 
occlusion record was made, he can close into that V-shaped opening again and again. 
That point becomes an engram, and the patient thinks he is helping by biting into 
that same V-shaped opening. If an error is present, it may be discovered by having 
the patient’s head thrown way back when he closes to verify the previous record. 


The contact of teeth in centric occlusion must occur when the jaws are in 
centric relation. This is absolutely the most important fundamental in the entire 
procedure. 

Every device must be employed to prevent the patient from knowing what we 
are trying to accomplish. If he becomes aware of the objective, he will try to 
help by closing into the V-shaped opening into which he closed the first time. His 
voluntary control of the muscles of mastication will take over the function of the 
automatic control, and thus mislead the dentist. The final checking for centric 
relation and centric occlusion must be done with the patient sitting erect (as at a 
table while eating). In that position, the mandible is under no strain caused by 
its own weight as it might be in any other position. If the centric relation checks 
accurately at this point in the construction, the finished dentures are sure to be in 
accurate occlusion. 





Fig. 11. Fig. 12. 


Fig. 11.—The buccal cusp of the upper first bicuspid may fail to contact the compound 
ridge during a mandibular right lateral excursion if the sulcus of the upper bicuspid is too 
shallow. The sulcus must be deepened by the amount that the tooth fails to contact the 
compound. 

Fig. 12.—After the addition of compound and closing the upper tooth into it in the mouth, 
the upper first bicuspid contacts the compound ridge during a right lateral excursion. 


CUSPS AND SULCI ANALYSIS 


Often there are certain changes or corrections necessary in the cusps, sulci, 
or marginal ridges of the teeth of the opposing denture (natural or artificial) to 
which a restoration is being constructed. The corrections can be determined auto- 
matically with the ground work which has been accomplished. 
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In Lateral Excursions.—With the lower compound cuspal path in place in the 
mouth, the patient is asked to make a lateral mandibular excursion (for example, 
to the right) while maintaining contact. The compound ridge extending up into 
the sulci above the compound cuspal path should contact the buccal cusp of the 
upper right first bicuspid, but at times it may fail to do so® because the compound 
ridge may not be high enough (Fig. 11). The compound ridge may not be high 
enough because the sulcus creating it is not deep enough. If this occurs, the op- 
posing sulcus (on the opposing tooth) is deepened by the amount the compound 
ridge fails to contact the upper buccal cusp in right lateral excursion, and a sufficient 
amount of soft compound to provide a slight excess is added to the compound ridge 
below the upper right bicuspid. The patient is instructed to close the softened 
compound against the upper denture. The compound ridge of the compound cuspal 
path will guide the jaw into the previously established centric relation. After 
cutting away the compound from the base of the compound ridge the next time, 
there will be contact in the right lateral mandibular excursion (Fig. 12). 


Fig. 13. Fig. 14. 


Fig. 13.—The buccal cusps of the posterior teeth on the left side contact the compound 
cuspal path in left lateral excursion. 

Fig. 14.—The compound cuspal path is in contact with the opposing lingual cusps on the 
right side. 


In the opposite (left) lateral excursion, the lingual cusp of the upper right 
bicuspid may be found to be too long by the amount that the compound ridge 
was lengthened. The lingual cusp of the interfering upper right bicuspid is shortened 
by that amount, and the contact will be restored in the left lateral excursion (Fig. 
13) provided no further corrections are necessary. 

Thus, the lateral occlusal path in the upper right first bicuspid region is auto- 
matically corrected so that the upper bicuspid may function harmoniously with 
the other posterior teeth as well as with the condyles in their movements in the 
glenoid fossae. These procedures are repeated to conform the compound ridge 
to the upper first bicuspid on the left side. 

The compound cuspal path should be in contact with the lingual cusps of the 
opposing upper posterior teeth at this time (Fig. 14). 
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In Protrusive Excursions ——The patient is instructed to move his mandible for- 
ward by gliding it into a protrusive position. The modeling compound opposing 
the upper anterior teeth must not contact any of those teeth. If the compound ex- 


Fig. 15. Fig. 16. 


Fig. 15.—The central ridge of the lower compound cuspal path is used to maintain the ver- 
tical dimensions while the wax cuspal path is generated. (The articulator represents the mouth.) 
Fig. 16.—The lower wax cuspal path is completed. 


Fig. 17.—A wax cuspal path generated in the mouth on a compound occlusion rim. The 
detailed imprints in the wax cuspal path represent the composite contacting forms of the cusps 
during function. 


tending into the sulci of the first bicuspids or that extending up between the bi- 
cuspids and cuspids should contact the distal incisal incline of either of the cuspids, 
that inclination of the tooth is cut back until there is no contact between the tooth 
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and the compound in the protrusive position. Then the patient is instructed to make 
lateral and protrusive excursions until the contacts between the compound cuspal 
path and the opposing teeth are equalized. This fundamental procedure can be 


Fig. 18. Fig. 19. 


Fig. 18.—A stone cuspal path is poured into the wax cuspal path. 

Fig. 19.—The lower teeth are ground to fit the stone cuspal path. Prussian blue is used 
on the stone to locate the spots requiring modification. After processing, occlusal errors 
resulting from processing are corrected in the same manner before the cast is removed. 


Fig. 20.—The completed dentures exhibit balanced occlusion in all positions of the mandible. 


of great value in producing balanced occlusion and functien in all restorations, 
whether the occlusal surfaces of all the opposing teeth are in a harmonious re- 
lation with the condylar path or not, or whether they are in fixed or removable 


restorations.* 
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DEVELOPMENT OF CUSPAL PATHS AND OCCLUSAL SURFACES 


The lower compound cuspal path (Fig. 15) is used as a base for generating 
wax cuspal paths that will determine the shape of the occlusal surfaces and incisal 
edges of every tooth in the opposing restorations. 


A soft generating wax is melted over the lower compound cuspal path when 
it is seated on the articulator, and then the completed upper denture and the lower 
occlusion rim are inserted into the patient’s mouth. With a few lateral and pro- 
trusive excursions of the patient’s mandible, the counterpart of the occlusal sur- 
faces and incisal edges of the upper denture teeth in function are generated auto- 
matically in wax (the wax cuspal path) in harmonious relation with the paths of 
the condyles in the glenoid fossae (Figs. 16 and 17). The wax is shaped by the 
teeth so contact is maintained in all positions. 

The compound base with the completed wax cuspal path is placed on the 
articulator, and a stone cuspal path is poured against the wax cuspal path. The 
teeth of the opposing lower restoration are set and ground to this stone cuspal path. 
It can be used for either fixed or removable restorations (Fig. 18). 

All occlusal surfaces and incisal edges of the lower teeth are ground to fit ac- 
curately against the stone cuspal path. Prussian blue placed on the stone cuspal 
path marks the parts of each tooth which must be ground. It is important that the 
predetermined vertical dimension of occlusion be maintained during this pro- 
cedure. After processing, the lower denture is replaced on the articulator and, 
while the denture is still on its cast, the occlusal surfaces are reground to fit against 
the stone cuspal path (Fig. 19). This eliminates occlusal errors due to processing. 

The completed dentures will exhibit accurate balanced occlusion and function 
in all the excursions of the mandible (Fig. 20). 


SUMMARY 


The principles and procedures involved in the generated path technique have 
been discussed. They are in harmony with anatomic, physiologic, and neurologic 
factors involved in occlusion. The techniques of generating and using cuspal paths 
have been described. These principles and techniques can be applied equally well 
to all types of fixed and removable restorations. 


CONCLUSIONS 


1. Occlusal paths generated on mechanical articulators are different from those 
generated in the mouth. 

2. Cuspal paths generated on a mechanical articulator are different from those 
generated in the mouth. 

3. Occlusal paths and cuspal paths generated in the mouth provide records 
which are in complete harmony with the condylar paths and the neuromuscular 
system. 

4. Occlusal interferences resulting from processing errors can be eliminated 
by grinding the occlusal surfaces of the teeth to conform to the stone cuspal path. 
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5. The inclined planes, cusps, and facets of opposing teeth cannot be ground 
by trial and error methods to provide maximum contacts between the opposing teeth 
in the maximum number of jaw positions and without interferences in any position. 
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JAW RELATIONS IN COMPLETE DENTURE CONSTRUCTION 


Eimer E. Francis, Jr., D.D.S. 
Memphis, Tenn. 


ii HAS BEEN very interesting to follow the different lines of thought expressed in 
articles about vertical dimension and other jaw relations and the different con- 
cepts of methods to record these jaw relations. Many methods for determining the 
vertical dimension have been suggested. The most recent consists of measurements 
to locate the rest position of the mandible and then to reduce this measurement 3 
mm. to establish the vertical dimension of occlusion. The question arises, “Can 
this distance be reduced the same amount for all patients and be correct?” 

In the mouths of patients with natural dentitions, I find that the free-way space 
(interocclusal distance) differs with the type of tooth and each type of mouth. The 
square type with its low cusps does not have the same interocclusal distance as the 
tapering or ovoid types with their high cusps. We cannot treat each edentulous 
mouth with an arbitrary 3 mm. closure from rest position. 

Nature established the vertical height of the occlusion when the natural teeth 
assumed their positions in the arch. So, we should be able to re-establish this 
vertical dimension without going through the “back door”’ of the rest position. 


THE VERTICAL TRACER 


Smith! stated, “It would be valuable if there were some simple mechanical 
device by which the vertical dimension for the centric jaw relation could be de- 
termined.”” Such a device has been in existence and in use since 1940. It is a vertical 
tracer* which registers and determines the proper vertical dimension, centric rela- 
tion, and the condyle path records. This vertical tracer was the result of study of 
articles by Gysi. 

The horizontal relation of the mandible to the maxillae changes every time the 
vertical position of the mandible is changed. Therefore, the horizontal position of 
the mandible as registered by the Gothic arch (needle-point) tracing must be cor- 
related with the vertical position of the mandible. The vertical tracer was designed 
to establish these correlated records. 

The vertical tracer (Fig. 1) consists of upper and lower metal plates which 
are shaped like balanced occlusal guide plates. These two plates are attached to the 
upper and the lower baseplates, respectively. The upper plate covers the vault as 
far back as the first molar region and has two interchangeable attachments: a ver- 
tical plate (Fig. 1, C) and a Gothic arch tracer (Fig. 1, D). The lower plate has a 
horizontal tracing table, an intraoral removable screw attachment that constitutes 





Received for publication June 25, 1958. 
*The vertical tracer was developed by the author and the late Dr. A. J. Bigger. 
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the vertical stop (Fig. 1, G), and slip joints. The slip joints hold the Gysi face-bow 
and a vertical marker (Fig. 1, J) interchangeably. The vertical marker is used to 
inscribe arcs on both sides of the upper vertical plate. These vertical tracings are 
used to establish the vertical dimension. The instrument has a locking device for 
removing the records from the mouth. This instrument is used to establish the 


Fig. 1—The vertical tracer. A, The upper metal plate. B, The lower metal plate. C, The 
vertical tracer plate. D, The needle-point Gothic arch tracer. E, The horizontal tracing plate. 
F, The locking device. G, The adjustable stop to maintain the vertical dimension after it is 
established. H, The vertical tracing plate. J, The vertical marker. 


vertical dimension, and the vertical stop (Fig. 1, G) is used to record this relation- 
ship. Then, the horizontal (centric) relation is established by means of a Gothic 


arch (needle-point) tracing. Finally, the extraoral registration of the condyle path 


is made by means of the Gysi face-bow. 


TECHNIQUE OF MAKING THE RECORDS 


The vertical tracer is attached directly to the baseplates. After the baseplates 
are positioned in the mouth, the patient is instructed to open wide and, with a con- 
tinuous slow movement, to close. The patient will tend to stop the closing move- 
ment at or near the normal vertical relation, but a closure continued past the normal 
vertical dimension to an overclosure is desired. This closing movement must be 
made in the retruded mandibular position (Fig. 2). 

As the mandible closes, an are is inscribed on the vertical plate of the tracer. 
When the condyles start into the glenoid fossae, a wave is started on the vertical 
plate which is completed when the overclosing movement begins a different arc. 
By closing and overclosing movements of the mandible, two different arcs are 
formed, with a definite wave separating them. The center of this wave is taken as 
representing the true vertical position of the mandible. The condyles occupied this 
position in the glenoid fossae in centric occlusion when the natural teeth were 


present. 
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The beginning of the wave is used to establish the vertical dimension because 
just enough tooth substance will be lost in grinding the occlusion to throw the 
marker to the center of the wave. Gysi* called this line of closure of the mandible 
the incisal path (Fig. 1, H and Fig. 2). 

The effects of the incisal path are pointed out by Gysi who said, “I now want 
to call your attention to another element in denture construction, the importance of 
which is frequently overlooked. It is the vertical location of the opening axis of 
the mandible. 

The location of this axis is very important to the prosthodontist because it de- 
termines the antero-posterior inclination of the compensating curve. The function 
of that curve is to keep the occlusal surface of the teeth at right angles to the line 
of closure of the mandible. It is important to the stability of both dentures and to 
their efficiency that the occlusal surfaces should be always at right angles to the 
line of mandibular closure.”? 





Fig. 2. Fig. 3. 


Fig. 2.—The vertical tracer is in position for making a tracing to indicate the vertical 
dimension. 

Fig. 3.—The Gothic arch tracer is in position for determining the horizontal relation of the 
jaws in centric position. 





The opening axis is established by drawing lines perpendicular to both the 
condyle path and the incisal path. The point where these two lines intersect is the 
opening axis of the mandible. If the opening axis is above the occlusal plane, the 
compensating curve will have an upward slant. If it is below the occlusal plane, 
it will require a reverse curve rather than a compensating curve in the molar region. 

This procedure establishes the vertical position of the mandible and the cor- 
rect location of the condyles in the glenoid fossae. The condyles should be anatomi- 
cally in the same position as before loss of teeth and abrasion caused changes to 
occur in centric occlusion. The intraoral screw (Fig. 1, G) is adjusted to hold this 
vertical position of the mandible. 
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CENTRIC RELATION AND THE HORIZONTAL TRACING 


After the vertical position has been established, the correct horizontal position 
of the mandible can be determined. The vertical tracing plate is removed from the 
upper baseplate, and the Gothic arch marker is adjusted in its place (Fig. 3). The 
patient is directed to make forward and backward movements of the mandible until 
his proper cooperation is assured. Then he is directed to start the movements from 
the retruded position and move the lower jaw straight forward, back, to the right 
side, back, forward, back, to the left side, and back. These movements cause the 
definite arrowhead marking to be made on the tracing table. The horizontal posi- 
tion where the three lines meet is accepted as centric relation. If the retrusion mark 
extends anterior to the meeting point of the three lines, it is disregarded and the 
intersecting mark is accepted as centric relation. The grind-in of the occlusion 
should take care of this excessive retrusion. 

The apex of the Gothic arch tracing indicates the correct horizontal position 
of the mandible in centric position, and its lateral lines allow the articulator to be 
adjusted so that the incisal guidance pin (of the articulator) will be guided to the 
same lateral movements as the patient’s mandible had made. This makes it possible 
to arrange the teeth so that they will intercuspate properly without cuspal inter- 
ference. The tracing provides information about the location of the horizontal 
rotation points of the mandible and a definite index to the required horizontal over- 
lap. The more acute the angle of the Gothic arch tracing, the greater the horizontal 
and vertical overlap required. The less acute the angle, the less horizontal and 
vertical overlap required. 


CONDYLE PATH REGISTRATION 


The vertical position is one key position of the mandible and the horizontal 
position at centric relation is the second. When these have been established, the 
extraoral condyle path registration is made with the Gysi face-bow fitted to the 
vertical tracer (Fig. 4). The condyles are located and their positions are marked 
on the face. To locate the condyle, a flesh marking wax pencil is held on a line 
from the corner of the eye to the tragus of the ear, and a dot is made on this line 
three-fourths of an inch from the ear. The condyle markers of the face-bow are ad- 
justed over this dot. A cardboard is cut for each condyle registration, and black 
carding wax is pooled on each cardboard so that the condyle marker will engage it. 
The cardboard is held parallel to the horizontal plate of the face-bow and firmly 
against the cheek on the right side. With the condyle marker engaging the wax, 
the patient is instructed to swing the mandible to either the left lateral position or 
the protrusive position. The same procedure is followed on the left side with the 
movement being made to the right lateral or protrusive position. 

This will provide an extraoral condyle path registration for both condyles. The 
angle of the path varies from 0 to 45 degrees in relation to the occlusal plane. Both 
cardboards are cut along the condyle path registration and laid aside until the 
condyle path adjustment is made on the articulator. After use, these cardboards 
are filed as permanent records, and, on each, the shade and mold of the teeth and 
the incisal guide angulation are recorded for use if the dentures are to be remounted 
at a later date. 
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The condyle path registration indicates the cusp height of the teeth to be used. 
If the condyle registration is 35 degrees in relation to the occlusal plane, posterior 
teeth with 33-degree cusps are indicated. If a condyle path registration angulation 
is small, posterior teeth with low cusps are indicated. The angle at which the con- 
dyle travels governs the angulation of the facets of all maxillary bicuspid and molar 
teeth which face backward and all mandibular facets which face forward.* 


The condyle registration is the third key position to be recorded. The vertical 
tracer is locked in centric position as indicated by the apex of the Gothic arch (nee- 
dle-point ) tracing and removed from the mouth. The face-bow is positioned again on 
the vertical tracer and adjusted to the articulator. The casts are placed in position 
in the baseplates and mounted on the articulator. Then the condyle registrations 





Fig. 4. Fig. 5. 


Fig. 4.—The condyle path registration. 

Fig. 5.—The tracer is locked with the needle point at the apex of the tracing. The apex of 
the Gothic arch tracing indicates the horizontal position of centric relation, and the lateral marks 
serve as guides for the adjustment of the incisal guide control of the articulator. 


are used to set the condyle path angulations on the articulator. After these adjust- 
ments have been made, the face-bow is removed and the vertical tracer lock is 
loosened. Then the incisal guide control on the articulator is set to conform to the 
Gothic arch tracing (Fig. 5). 

All articulator adjustments having been set, marks are made on the upper cast 
to establish the anteroposterior inclination of the compensating curve. This is done 
by placing the vertical tracing plate in position on the upper metal plate (Fig. 1, C 
and Fig. 2) and (using a millimeter rule as a straight edge) projecting a line-per- 
pendicular to the incisal path mark on the vertical plate from the incisal point back 
onto the buccal surface of the upper cast (Fig. 6). These guide lines are made on 
both sides of the upper cast. When the teeth are set up, the occlusal surfaces of the 
first and second molars are set parallel to these lines on the cast. 
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THE INCISAL PLANE 


The shade and mold of the teeth are selected. The level of the upper incisal 
plane is established by checking with the Wavrin Tooth Guide. In faces that have 
a full complement of natural teeth, the length and width of these teeth correspond 


Fig. 6.—A line perpendicular to the tracing on the vertical plate is drawn on the upper cast 
on each side. The occlusal surfaces of the molar teeth are set parallel to this line. 


Fig. 7.—The finished dentures are in centric occlusion. The appearance of the face will 
change from the nose down when the patient relaxes his mandible to rest position. 


within 1.0 to 1.5 mm. of the tooth in the mouth. Therefore, the size of tooth indi- 
cated by this guide indicates the length of the central incisors. The length of the 
upper incisal plane is determined by this means. The occlusal plane of the bicuspids 





| JAW RELATIONS IN DENTURE CONSTRUCTION 373 
is established parallel to a line from the ala of the nose to the tragus of the ear. 
Thus, three planes have been established which will determine the incisal plane and 
the compensating curve or tooth curve. The teeth are set up and balanced. The 
anterior teeth are arranged as nearly like the natural teeth as possible, making 
modifications as they are necessary to meet leverage requirements. 

The lower anterior teeth should never be longer than the lower lip, and the 
height of the lower incisal plane or lower posterior teeth should not interfere with 
the action of the tongue in cleaning food from the buccal vestibule. 

At the try-in, changes are made in the anterior tooth positions to meet the re- 
quired esthetics. If the upper incisal plane is not long enough, we change it at this 
time. I satisfy myself first as to the esthetics and balance before the patient is given 
the opportunity to approve the appearance of the teeth. 

Remount registrations are made so that the occlusion can be corrected by grind- 
ing before the dentures are placed in the mouth. The patient does the final grind-in 
in the mouth with Kerr’s grinding paste. 

If all of the steps in denture construction are carried out successfully, the den- 
tures will function in harmony with the conditions found in the patient’s mouth 
(Fig. 7). 

The steps in denture construction listed in order of their importance are: 

1. The establishment of the correct vertical relation of the mandible to the 


maxillae. 
2. The establishment of the correct horizontal relation of the mandible to the 


maxillae as registered by the Gothic arch tracer. 

3. The establishment of the proper anteroposterior inclination of the com- 
pensating curve. 

4. The establishment of the extraoral condyle path registration and the correct 


adjustment of the condyle and incisal guidances on an adjustable articulator. 
5. The correct arrangement of the teeth in relation to the ridge and esthetics. 


6. Good impressions. 
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AN EVALUATION OF INCISAL GUIDANCE AND ITS INFLUENCE IN 
RESTORATIVE DENTISTRY 


CrypeE H. Scuuy er, D.D.S. 
New York, N. Y. 


es COORDINATION of the occluding surfaces of the teeth has been 
spoken of as one of the most important sciences in the practice of dentistry. 
The incisal guidance, which is normally the inclination of the lingual surfaces of 
the six upper anterior teeth, might be considered as the key to a harmonious 
functional relationship of the natural dentition, or the key to functional occlusion. 

It might clarify our thinking to outline some differences in our concept of the 
ideal functional relationship of teeth of the complete denture from that of the natural 
dentition. In complete dentures, the six upper and six lower anterior teeth seldom 
make contact in the centric maxillomandibular relation; this contact is not neces- 
sary for the most favorable distribution of stress over the maximum denture-bear- 


ing area. In the natural dentition, contact of the six upper and lower anterior teeth 
is most common and is essential for the most favorable distribution of occlusal 


{ forces over the maximum number of teeth. 

In complete dentures, the three point balancing contacts in all eccentric posi- 
tions, lateral and protrusive, are essential for the maximum functional stability of 
the dentures and the most favorable distribution of stresses. 

In the natural dentition, balancing contacts, that is, contacts of the posterior 
teeth in the protrusive relation, or contact of teeth on the nonfunctioning side in the 
lateral eccentric relation, seem to be not only nonessential for the most favorable 
distribution of functional forces, but these balancing contacts are a common con- 
tributing cause for the loss of alveolar support about the posterior teeth or for 
pathology of the temporomandibular joint. It is so extremely difficult to differentiate 
the nondestructive balancing contacts of the natural dentition from the destruc- 
tive ones that their elimination would seem to be a reasonable measure of preven- 
tion. They should always be eliminated in the treatment of periodontal disturbances 
of the teeth involved, or of a dysfunction of the temporomandibular joint.] In re- 
constructive work on the natural dentition, it seems more important to err in hav- 
ing a lack of balancing contacts rather than to have a possibility of excessive 
balancing contacts. In the correction of occlusal disharmony of the natural denti- 
tion, contacts on the balancing side and contacts of posterior teeth in the protrusive 
relation should never be an objective, and, perhaps as a safety measure, they should 
be avoided. 

Received for publication April 30, 1958. 
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MANDIBULAR MOVEMENTS AND CONTROLS 


The cycle of mastication may normally conform to the conventional tear-drop 
pattern, but there is sufficient reason to believe that the opposing teeth make con- 
tact at times on the eccentric inclines in normal function as well as in movements of 
bruxism. 

Experience teaches us that an excessively steep lateral inclination on any one 
tooth predisposes that tooth to trauma and pathologic changes of its supporting 
tissues. A favorable distribution of eccentric stresses necessitates that the inclina- 
tions of similar guiding tooth surfaces be smooth and equilibrated. 

A functional disharmony of occlusion contributes to a premature loss of the 
teeth, and it may contribute to pathology of the temporomandibular joint and func- 
tional disturbances of the muscles of mastication. 

The muscles of mastication and the temporomandibular joint control the move- 
ments of the mandible until the opposing teeth make contact, at which time the 
guiding inclinations of the opposing teeth and the temporomandibular articulation 
become the important factors. In the complete natural dentition, the guiding in- 
clinations of opposing or contacting tooth surfaces play a predominating part. 

Complete occlusal coordination of the masticatory mechanism necessitates a 
coordination of posterior guiding tooth inclines with the two extreme guiding 
factors which are the incisal guidance and the unstrained movement of the con- 
dyles in the glenoid fossae. Of these two extreme factors, the incisal guidance is 
the more influential factor due to its proximity to the occlusion and nonresiliency. 
There is a degree of resiliency of flexibility in the movement of the condyles in the 
glenoid fossae. Their movements are not restricted to definite paths comparable 
to the movement of a ball bearing in a metal slot, as some would lead us to believe, 
but may be influenced by contacting tooth surfaces and, at times, by a bolus of 
food during mastication. 


OCCLUSAL SURFACES OF POSTERIOR TEETH 


The lateral inclinations of occlusal surfaces of posterior teeth can be divided 
into functional and nonfunctional inclinations. Functional inclinations are those 
surfaces or inclinations which might make contact on the working side. Non- 
functional, or balancing, inclinations are those surfaces or inclinations which might 
make contact on the nonworking or balancing side. 

The controls of the lateral functional inclinations of the posterior teeth! are the 
incisal guidance and the lateral movement of the condyles in the glenoid fossae, 
which is spoken of as the Bennett movement. The lateral movement of the condyle 
seldom exceeds 1 or 2 mm. at the time of occlusal contact of the posterior teeth 
during functional movements. A steep incisal guidance, or a locked or restricted 
relationship of the anterior teeth, or a functional abnormality of posterior tooth in- 
clines may influence the direction and degree of the Bennett movement. These 
abnormal movements may be pathologic or border on the pathologic. When these 
undesirable influences are removed, the functional movement of the condyles in the 
glenoid fossae may immediately assume quite a different pattern. On the other 
hand, the pattern may gradually change after the restricting controls have been 
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eliminated. I do not know of a dysfunction of the temporomandibular joint that 
has been aggravated in complete oral rehabilitation when the posterior occlusa! 
contours have been functionally coordinated with the incisal guidance and a hori- 
zontal Bennett movement. By building posterior occlusal contours to some irregular 
functional movements of the condyles, we may be perpetuating pathology of the 
joints. 

The anterior movement of the condyles upon the articulating eminences of 
the glenoid fossae has little or no influence upon the functional relation of the pos- 
terior tooth surfaces on the working side. In a complete oral rehabilitation, it 
has little or no influence upon the steepness of lateral working inclines of the teeth. 


BALANCING CONTACTS 


Incisal guidance and the forward movement of the condyles upon the articu- 
lating eminences of the glenoid fossae are the factors controlling the functional 
relation, or tooth inclinations of posterior teeth on both the balancing side and in 
the protrusive relationship. 

The desirability of posterior balancing contacts of the natural dentition is 
questionable. In a complete oral rehabilitation of the natural dentition, I reduce 
the steepness of recorded condylar inclinations by about 5 degrees. The result being 
that there may be a very slight separation of these eccentric balancing contacts. In 
adjusting the instrument to record condylar movements, there is usually a range 
of mobility in the adjustment mechanism. I use the least steepness. Premature 
balancing contacts, which would result if the condyle paths of the instrument are 
excessively steep, must be avoided. 


INCISAL GUIDANCE 

In the evaluation of factors controlling posterior occlusal contours of the com- 
plete oral rehabilitation of the natural dentition, we must come to the conclusion 
that incisal guidance is the predominating factor. Therefore, the establishing of 
the anterior tooth relation, esthetics, and incisal guidance should be the first step 
in planning the oral rehabilitation. Posterior tooth surfaces are then formed to 
function in harmony with this guiding factor. 


INCISAL CONTACTS 

When the anterior teeth of the natural dentition make contact with the op- 
posing teeth in the centric maxillomandibular relation, they should be continued in 
contact or rebuilt to contact for two very definite reasons. First, the value of sup- 
port of posterior segments of the arch is normally reduced by the loss of some pos- 
terior teeth, or the loss of alveolar support of the remaining teeth, or by both the 
loss of teeth and the loss of alveolar support. By eliminating the support of the 
anterior teeth resisting the stresses in centric and, to a degree, eccentric contact 
positions, there is the possibility or probability that the supporting structures of the 
posterior teeth will not tolerate the added functional stresses. This would result 
in pathologic changes to the supporting tissues; but, if the stresses had been dis- 
tributed over the greater number of teeth, the functional stress might have. been 
within the limits of physiologic tolerance. 
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Second, if the anterior teeth normally made contact with opposing teeth in 
the centric relation but are left out of contact in the rehabilitation, they most often 
will continue to erupt until contact is restored in the centric position. As the teeth 
erupt, premature contact and trauma in eccentric positions develops progressively 
with their eruption. This continued eruption also contributes to a lack of func- 
tional coordination with the established posterior occlusal contours. 

The reduction of horizontal stresses by a reduction of the steepness of posterior 
occlusal inclinations may be desirable. This necessitates a reduction of the lateral 
guiding inclines of the anterior teeth, these being the controlling factors to the 
inclines of the posterior teeth. 

Esthetics may require a steeper protrusive incisal guidance which can be co- 
ordinated with the less steep lateral guiding factor within normal functional ranges. 
Under these conditions, there will be no posterior balancing contacts in the extreme 
protrusive position which seem unimportant. 


SHAPE OF INCISAL GUIDANCE 


We might also evaluate the shape or contour of the incisal guide component of 
some of the articulating instruments since the incisal guide component of the in- 
strument should be compatible with the predetermined lingual contour of the upper 
anterior teeth. For example, if the anterior teeth are to make contact in both centric 
and functional eccentric positions, their lingual contours should conform to the 


incisal guide component of the instrument used. The incisal guide component of 
the instrument, as it is most often used, is an important adjunct in formulating pos- 


terior occlusal contours. 

In the main, the incisal guide components of the articulating instruments have 
three distinct shapes or contours. They are concave, plane, or convex. The incisal 
guidance predetermines the concave, plane, or convex posterior occlusal contour. 
As examples, the original Hanau and the Dentatus have concave incisal guide com- 
ponents. The Sears guide component, commonly used with the Hanau instrument, 
and that of Gysi instruments have plane surfaces while the McCollum, Terrell, 
and some other instruments have convex guiding components. The Transograph 
has a very steep lateral control and a horizontal contour in the straight protrusive 
movement. Most often, to satisfy function and favorable esthetics, the straight 
protrusive guiding factor should be steeper than the lateral guiding component. 


CENTRIC RELATION 


Some consideration must be given to the centric relation record because this 
involves both anterior tooth guidance as well as posterior tooth intercuspation. 

Posselt? has shown a slight variable in closed terminal positions in graphs of 
the opening and closing movements of the mandible. The habitual closing position 
was shown to be slightly forward to the most retruded or axis closing position. 
Posselt estimates the habitual closing position as being from 1.0 to 1.4 mm. anterior 
to the most retruded or axis position. Since 1929, I* have advocated advancing the 
mandibular member of the articulator from 0.5 to 0.75 mm. when arranging teeth 
ior complete artificial dentures. Patients seem to accommodate themselves to the 
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dentures more readily and to require fewer adjustments. I attributed their greater 
comfort to an accommodation for the settling of the dentures and the consequent 
change of intercuspation. My present understanding of the difference between the 
mandibular position of the axis closure and functional closure leads me to believe 
that patients’ acceptance and comfort would be greater, and the possibility of trauma 
would be reduced, if all fixed and removable restorations were constructed with a 
limited anteroposterior freedom of movement. My procedure has been to mount 
casts in the articulating instrument with a retruded, but unstrained centric maxil- 
lomandibular relation record. After this relation record has been checked and 
proved and the instrument has been set to the recorded movements, the mandibular 
member of the instrument is advanced by placing a strip of tin foil of the desired 
thickness in front of the axis balls in the slot in the condylar guidances of the in- 
strument. The thickness commonly used is 0.5 or 0.75 mm. The restorations on 
the teeth are finished and milled at this advanced position. Then the articulator is 
retruded to its normal position and the occlusal surfaces of the restorations are 
milled again to that position. This procedure provides a slight range of antero- 
posterior freedom for the mandible and a slight freedom in intercuspation. Complete 
dentures and complete oral rehabilitation are more readily tolerated when this free- 
dom is built into the occlusion. 

Roentgenograms of the temporomandibular joint should be made: (1) before a 
complete oral rehabilitation of the natural dentition is started, (2) at the time when 
the centric maxillomandibular relation record is made, and (3) upon completion 
of the work. Some badly disorganized occlusal problems present an abnormal posi- 
tioning of the condyle in the glenoid fossa which might be corrected. Such roent- 
genograms are a very necessary protection for the dentist if discomfort and com- 
plications should arise following a complete oral rehabilitation. 
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ANATOMIC ABNORMALITIES COMPLICATING THE ADJUSTMENT 
PERIOD FOR COMPLETE DENTURE PROSTHESES 


Puititre Lopate, D.D.S.* 
Euclid, Ohio 


LL DENTURE PATIENTS and especially new denture patients face certain prob- 

lems of adjustment which can be complicated by anatomic abnormalities oc- 
curring in the oral cavity. Patients usually fail to understand the nature of their 
difficulties, and this. can result in an unsatisfied individual who may automatically 
blame the dentist for his troubles. To avoid this, the dentist should explain any 
complications which may arise, in each specific case, and the cause of these diffi- 
culties. Anatomic problems existing should be explained to the patient before, 
during, and after the construction of the denture. Patients thus prepared for 
trouble are far more likely to take complications in stride and shorten the adjustment 
period. 


EDENTULOUS CONDITIONS 


Edentulous conditions of long standing (Fig. 1) from the loss of natural teeth 
often result in bone and tissue changes, the severity of which depends upon the 
length of time these missing teeth are not replaced. When teeth are lost, the bone 
and overlying tissues shrink. When these teeth are lost one at a time or in groups 
over a long period of time, the maxillary and/or mandibular ridges shrink un- 
evenly.! The remaining teeth shift, throwing occlusion of the jaws out of balance, 
and thus unnatural chewing movements develop. The lower jaw may protrude, 
the cheeks drop, and the tongue becomes enlarged.” The altered muscular habits 
in chewing and talking must be unlearned to successfully master artificial dentures. 


RESORPTION OF THE RIDGES 


After teeth have been extracted, the alveolar ridge tends to resorb very 
rapidly for the first few months and then more slowly over a fairly long period 
of time. Shrinkage can be more pronounced and prolonged in cases where extracted 
teeth have not been replaced immediately by an artificial appliance. Extreme re- 
sorption, as discussed by Schlosser,® can have a varied etiology. First among the 
causes to be cited is a neglect of hygienic care for the dentition at an early age. 
Faulty prosthetic appliances often may be the real cause. This includes crowns, 

This essay won the second prize of $300 in the Prosthetic Essay Contest for Senior Dental 
Students sponsored by the American Denture Society in 1957-1958. 

Received for publication Nov. 17, 1958. 


*Senior student at The Ohio State University, College of Dentistry, at the time this essay 
was written (graduated in June, 1958). 
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bridges, and partial and complete dentures. Failure to service these appliances 
and excessive surgical reduction are other causes. Also, the general systemic con- 
dition of the patient may result in resorption. | 
Whatever the cause of the resorption, the denture must rest on a low flattened 
ridge which cannot hold it with the same stability that a normal ridge would af- 
ford. It is advisable, therefore, after removing the local or systemic causes of the 
trouble, to impress upon the patient that under the conditions prevailing in his 
case it will not be possible for him to receive as efficient service from prosthetic 
dentures as can those patients whose ridges are in a better state of preservation. 
If a denture is being worn while shrinkage occurs, as under an immediate den- 
ture, it will tend to become loose and unstable. In all such cases the patient must 
consult his dentist at regular intervals for necessary adjustments to the denture. 


LACK OF MAXILLOMANDIBULAR SPACE 


The long-standing absence of teeth may also cause a lack of maxillomandibu- 
lar space* (Fig. 2). As a result, it may be difficult to carry the denture back as 
far as necessary for maximum stability and retention. Whenever dentures are de- 











Fig. 1—Over a long period of time edentulous conditions can cause the development of 
uneven ridges. 


signed to open the vertical dimension, to establish better retention, or to achieve 
good masticatory action and fuller facial lines, the patient must accustom himself 
to new jaw positions and movements. 


FAULTY RIDGE RELATIONSHIP 


People born with a protruding or receding mandible, or patients with a 
marked shrinkage of the gums or poor health and nutrition, either do not have 
or will eventually lose the proper relationship of the maxillary to the mandibular 
ridge. The result is dental ridges which are no longer parallel. The dentist, there- 
fore, will probably have trouble developing a balanced occlusion,® and the patient 
will have trouble in the adjustment period. 
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KNIFE-EDGE RIDGE 


It is usually more difficult to retain a lower denture than an upper denture 
because of the movement of the lower jaw and the tongue. This situation is made 
more unstable when a knife-edge ridge is present® (Fig. 3). A sharp mandibular 
ridge does not provide as much support for the denture as would a well-formed, 
broad ridge. Dentures built on this type of narrow ridge will have a greater tend- 
ency to displace than if they are built on a well-rounded ridge. 

















Fig. 2.—Lack of maxillomandibular space can result from the failure to replace missing teeth. 





Fig. 3—A knife-edge mandibular ridge is a poor support for a denture. 


OVERGROWTH OF BONY TISSUE 


For complete mouth comfort with artificial teeth, it is important that the 
pressure upon the supporting structures be uniform so as not to cause irrita- 
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tion. Furthermore, a seal must be maintained to keep air from getting under the 
dentures and loosening them. Unfortunately, because of abnormal overgrowths oi 
bony tissues which cause deep undercuts (Fig. 4) on and around the dental ridges, 
it is not always easy to get the perfect impression needed to achieve an excellent 
fit. Surgical elimination of overgrowths is sometimes unavoidable, but is usually 





Fig. 4.—Overgrowths of tissue resulting in undercuts make it difficult to develop a perfect 
border seal. 


limited to removal of all points and sharp projections which are liable to be 
traumatized with frequent insertion and removal of the dentures. Whether cor- 
rective surgery is employed or relief areas built into the denture, there may be 
adjustment problems for the patient to cope with. 


AGE AND ANATOMIC CHANGES 


Age changes in anatomy of oral structures can be classified under three 
headings :* | 
A. Mucosa and submucosa. 

1. There is a decrease in the thickness of the mucosa. 

2. Thinning of the submucosal layer occurs. 

3. Reduction in the surface area of the oral mucosa is often seen. 

4. The net result subsequent to age changes in the oral mucosa is a de- 
crease in the elastic quality. 

B. Musculature. 

1. Changes in musculature in the oral cavity result in a backward movement 
and some reduction of the neutral zone in the anterior region of the 
mouth. 

C. Bone. 

1. Age changes in the underlying bone result in atrophy and in sharp 
superficial bony ridges. 

With age,’ the jaws, teeth, mucous membranes, salivary glands, and associated 
anatomic structures undergo a gradual retrogressive change as the result of a de- 
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crease in the metabolic activity of the individual cells. All these factors may cause 
a shifting of the denture bases on their foundations and a resultant difficult adjust- 
ment period. 


THINNING OF THE EPITHELIAL LAYER 


Normally the mouth is lined with a thick layer of fatty and connective tissue 
which serves as a cushion for an artificial denture. In cases where the gums are 
too thin to absorb the pressure well, discomfort may be increased,’ and a tender- 
ness which interferes with the wearing of the denture results. Massler® states that 
this is due mainly to the friability of the tissue, caused by dehydration of the 
mucosa, together with a gradual thinning of the epithelial layer. 


B. 





Fig. 5.—A, A U-shaped palate is favorable for a denture. B, A V-shaped palate is unfavorable 
for a denture. 


PALATAL VAULTS 


In the average mouth the palatal vault is “U” shaped (Fig. 5), and dur- 
ing occlusal stress the denture presses up against a broad, firm surface. However, 
when the roof of the mouth slopes up in the shape of an inverted “V” (Fig. 5), 
the denture presses against a slanted line, and there is a greater tendency for the 
denture seal to be broken and cause a dislodgment of the denture. The patient 
must adjust to this situation and learn to remedy it. 


SHARPLY DESCENDING SOFT PALATE 


For maximum stability, a maxillary denture should extend just beyond the 
junction of the hard and soft palates. This provides for a firm, broad support for 
the denture and a large denture-seal area. All borders of a denture should end in 
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moveable tissue. However, when the soft palate descends abruptly from its junc- 
tion with the hard palate (Fig. 6), the denture must be constructed somewhat 
shorter, and some degree of instability may result. Also, the vibration of the soft 
palate against the denture in speech, swallowing, or yawning sometimes causes 
a disturbing sensation in the posterior part of the mouth. These factors may 
render adjustment to the new denture more difficult. 


ABC 





Fig. 6.—An abruptly descending soft palate is not favorable for denture comfort. Above, 4, 
Unfavorable slope of soft palate. B, Intermediate type of soft palate. C, Favorable slope of soft 
palate. Below, B, Bone of alveolus. HP, Hard palate. D, Denture. SP, Soft palate (unfavorable 
slope). i 


FRENULA 


The labial and buccal frenula® are quite often a problem in developing and 
maintaining adequate retention in complete denture prosthesis. This is due pri- 
marily to the nature of the dense fibrous strand of tissues present in the frenula. 
It does not have the elastic property of the adjacent connective tissue and 1s, 
therefore, unsuitable for producing the required elastic strain necessary to prevent 
the effect of atmospheric pressure from operating on the inner surface of the den- 
ture. In cases where it is considered advisable, a frenoplastic surgical operation is 
suggested. In other cases where surgery is contraindicated by the condition of 
the patient, such as his age or health, the patient must adjust to the situation. 


CLEFT PALATE 


In the case of a cleft palate’? much patience is required on the part of the 
dentist in training the patient. In treating cleft palate patients, our concern for 
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their biologic and psychologic well-being should match our efforts toward me- 
chanical perfection in the prosthetic appliance being constructed. The maladjust- 
ment of the personality should disturb us no less than the malocclusion of the 
teeth. The cleft personality of our patient should be our concern as much as his 
cleft palate. 


SUMMARY" 


The mouth of each denture patient you see will vary, as will the attitudes of 
these people toward the dentures constructed for them. It has been said that the 
success of denture work depends 50 per cent on the dentist and 50 per cent on 
the patient. However, in the instances where special difficulties in the shape of the 
mouth and/or tissue abnormalities are present, it is frequently found that 75 
per cent of the success depends on the patient’s proper understanding and coop- 
eration. 

The technical problems confronting the dentist in the construction of complete 
dentures, in many cases where abnormalities exist, can and should be aided by 
surgical procedures. In cases where surgery is contraindicated, the patient must 
understand his problem, be taught to help in adjusting to his problem, and above 
all, cooperate with the dentist to make the adjustment period as short and as 
comfortable as possible. 


Illustrations by Phyllis Lopate, The Ohio State University, College of Education, De- 
partment of Fine Arts. 
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IMPRESSION TECHNIQUE FOR PATIENTS THAT GAG 


DanirEL W. Borkin, D.D.S. 
New York, N. Y. 


a: EDENTULOUS PATIENT WHO gags has presented a major dental problem to 
the average general practitioner. Too often, the dentist accepts a complete upper 
or lower impression which does not meet his normal standards because the patient 
could not tolerate the relatively slow-setting impression materials. As a result, the 
impression is removed from the mouth before it has set completely, and the resulting 
cast is defective. A technique will be described in which a material will be used 
that will give the dentist full control of the setting time and which can be easily 
corrected. 


THE IMPRESSION TECHNIQUE 


A preliminary impression of the edentulous area is made using an appropriate 
stock tray and red modeling compound. This impression can be removed from the 
mouth at will, warmed, and reseated between paroxisms of gagging until a fairly 
accurate impression is obtained. 

A cast of stone or plaster is poured in this impression, and this is used to fabri- 
cate a tray. The tray may be made of acrylic resin or shellac baseplate, but it must 
be made with rolled borders which are very slightly short of the reflections. 

The tray is tried in the mouth to make sure that it does not impinge upon any 
muscle attachments or other important limiting structures. 

A low-fusing wax* is added to this accurately fitted tray. The low-fusing 
wax is melted in a small metal dish over the Bunsen flame and painted over the 
entire tray with a No. 4 camel’s hair brush. Particular attention is paid to adding 
wax to the borders of the tray. When the tray is completely covered with warm 
wax, it is carried quickly to the mouth and inserted, using as much force as is neces- 
sary to properly seat the tray. Still working rapidly, as much muscle trimming is 
done as the patient can tolerate. This procedure is repeated as many times as is 
necessary to make sure that all of the area of the basal seat of the denture has been 
covered and that an acceptable impression has been made. 

This low-fusing wax will not set hard at mouth temperature, but it will remain 
soft and pliable until it is chilled by the dentist. Taking advantage of this character- 
istic, the tray can be reseated an unlimited number of times until the desired results 
are obtained. If the patient is exhausted from this procedure due to gagging, the 
incompleted impression may be set aside until the next appointment. This inter- 


Received for publication April 24, 1958. 
*Kerr Impression Wax, Kerr Manufacturing Company, Detroit, Mich. 
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ruption will not interfere with the inherent characteristics of the wax. By flowing 
warm water over the incompleted impression, the molding can be continued at 
subsequent patient visits without loss of accuracy. 

When the impression is acceptable, the low-fusing wax must be hardened in the 
mouth. This is done by squirting ice water from a bulb syringe along the borders 
of the completed impression and over as much of the impression surface as possible. 
Copious amounts of ice water should be used because the impression must be 
thoroughly chilled before it is removed. The ice water will retard the paroxisms of 
gagging by its cooling effect so this chilling can be done with a minimum of diffi- 
culty. After the completed impression is removed from the mouth, it is washed 
gently under cold running water, and the cast should be poured in stone imme- 
diately to prevent changes due to temperature changes. If this is not possible, the 
impression may be stored in a bowl of cold water until the cast can be poured. 
Before the denture is completed, much care should be taken in placing the posterior 
palatal seal.! 


SUMMARY 
A technique for using a low-fusing wax in order to obtain an accurate im- 
pression of an edentulous patient who is a gagger has been described. 
REFERENCE 
1. Landa, J. S.: Practical Full Denture Prosthesis, London, 1954, Kimpton, pp. 370, 373. 
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RATIONALE OF THE FACE-BOW IN MAXILLARY CAST MOUNTING 
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ROADLY SPEAKING, A FACE-BOW registers in three planes (anteroposteriorly, 
laterally, and vertically) the position of the maxillae in relation to two points 
on the cranium, namely, the glenoid fossae.’ Since the maxillae constitute an asym- 
metrical body rather than a finite point, the cast must also have an intraorientation. 
This, too, is accomplished by the face-bow. This intraorientation entails stabiliza- 
tion of the casts on three axes, namely, the vertical axis, the horizontal axis parallel 
to the condylar axis, and the horizontal axis perpendicular to the condylar axis. 
This intraorientation is automatically achieved by the bite-fork of the face-bow 
through the rigid attachment of the fork to the maxillary occlusion rim. The value 
of the face-bow remains one of the most controversial subjects in prosthetic den- 
tistry. Logan* and Stansbery* represent the classical extremes of this controversy. 
Logan considered the face-bow indispensable, while Stansbery, Craddock and 
Symmons,! and others‘ considered it useless or at the most, unnecessary. The face- 
bow remains controversial because it is not an absolute essential to good prostho- 
dontics, as the matrix band is essential to good class II alloy restorations. 
The history of the face-bow dates back to 1860 when Bonwill concluded that 
10 cm. was a standard distance from the lower median incisal point to each condylar 
center. All constructors of the face-bows in use today have as their prototype the 
Snow instrument.® 
After the development of the Snow face-bow, attempts were made to give 
the occlusal plane an individual position in the third dimension. Snow set the bite- 
fork in such a position that when the occlusion rim was placed in the mouth, the 
handle was parallel with a plane extending from the bottom of the glenoid fossa 
to the anterior nasal spine (upper part of the tragus to the lower edge of the 
nostril). This is known as the Bromell or Camper plane. Gysi used a similar 
plane which he called “the prosthetic plane.”® Wadsworth used a plane which 
begins at the condyle area and runs at right angles to a line that connects the most 
prominent points of the chin and forehead.® 
The most recent orientation has been to a plane that corresponds to the Frank- 
fort plane. A pointer is attached to the face-bow, the end of which touches the 
This essay won the first prize of $500 in the Prosthetic Essay Contest for Senior Dental 
Students sponsored by the American Denture Society in 1957-1958. 
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lowest point of the infraorbital ridge. On the articulator, the end of the pointer is 
placed on a level with the condylar plane. 

Lazzari‘ has listed the advantages for using the face-bow : 

“1. It permits a more accurate use of lateral rotation points for the arrange- 
ment of teeth. 

“2. It aids in securing the anteroposterior cast position with relation to the 
condyles of the mandible. 

“3. It registers the horizontal relationship of the casts quite accurately, and 
thus assists in correctly locating the incisal plane. 


“4. It is an aid in the vertical positioning of the casts on the articulator.” 


THE KINEMATIC FACE-BOW VERSUS THE EMPIRICAL FACE-BOW 


There are essentially two kinds of face-bows in use today. These are the 
empirical or the arbitrary face-bow and the kinematic or the hinge face-bow. The 
kinematic face-bow will locate the opening axis physiologically with exceptional 
accuracy.® With the empirical face-bow, the axis is located by using anatomic land- 
marks. The kinematic face-bow locates the rotational points by attaching to the 
mandible. As the patient opens and closes his mouth, a pointer is adjusted until 
the axis of rotation is located. The arbitrary face-bow centers of rotation are lo- 
cated 13 mm. (% inch) anterior to the auditory opening on lines toward the outer 
corners of the eyes.® 

The kinematic method requires more elaborate equipment and the technique 
involved is more time consuming. The advantage of the kinematic face-bow appears 
to be more theoretical than real. Collett® believes it is questionable if the additional 
accuracy (which would be extremely difficult to demonstrate clinically in the 
occlusion) warrants the additional effort. Trapozzano’ states, “Because of the 
inability of the operator to stabilize the mandibular base with a sufficient degree of 
accuracy during the making of collateral registrations, the accuracy attributed to 
the use of the hinge axis is more fancied than real.’ Jamieson’! believes that the 
hinge face-bow, when used correctly, is of proved value, but that in practical 
application the arbitrary technique of transfer as advocated by Hanau with the 
Model C face-bow is acceptable. 

Schallhorn? arrived at the following conclusions after clinical experimentation : 

“1. The arbitrary axis of rotation as set forth by Snow, Gilmer, Hanau, Gysi, 
and others, of 13 mm. anterior to the tragus on the trageal-canthus line comes very 
close to an average determined axis on individuals with normal jaw relationships. 

“2. One can feel justified in using the arbitrary axis for face-bow mountings 
on a semiadjustable articulator since, in over 95 per cent of the subjects with normal 
jaw relationships, the kinematic center lies within a radius of 5 mm. from the 
arbitrary center, which is considered by Arstad and others to be within the limits 
of negligible error. 

“3. I would agree with Schuyler, Arstad, and others that the determining of 
the kinematic center of rotation is not nearly as important as the obtaining of 
proper centric and vertical relationship records.” 
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ARBITRARY MOUNTING VERSUS FACE-BOW MOUNTING 


The simplest method of orienting the casts to the articulator is the arbitrary 
method. With this method, the casts are centered anteroposteriorly and laterally 
between the upper and the lower mounting plates of the articulator members. The 
occlusal plane is positioned to a determined average value which is marked on 





Fig. 1.—Maxillary complete dentures produced on casts mounted with three different mount- 
ing techniques. A, Finished maxillary complete denture (Hanau Model SM face-bow and Hanau 
Model SMX articulator used). B, Wax try-in (Hanau Model C face-bow and Hanau Model H articu- 
lator and Camper plane used). C, Wax try-in (Hanau Model H articulator and arbitrary mount- 
ing technique used). 


the articulator. The level of the occlusal plane in the Hanau articulator is marked 
by a groove in the incisal pin.? This will make the occlusal plane about 3.5 cm. below 
a horizontal plane passing through the intercondylar shaft. This is actually Balk- 
will’s average value position. In this orientation, individual variations are not 
taken into consideration. 

















_ Volume 9 PACK. : 2 . ABY CAS INTING 
59 Number 3 FACE-BOW IN MAXILLARY CAST MOUNTING 391 


DISCUSSION OF CASTS ORIENTED IN MALPOSITION 


We will now discuss the effects of the six positional errors produced in com- 


















































“ 
is plete dentures using the arbitrary cast-mounting method. To aid in this dis- 
va cussion, the following procedure was carried out. 
is Procedure.—A 67-year-old edentulous man with normal ridge relationship 
and normal temporomandibular articulation was selected for construction of com- 
plete upper and lower dentures. After obtaining the final casts, they were tripli- 
cated with alginate. One set of occlusion rims was made, and the occlusal plane, 
vertical dimension, and an empirical centric relation were established. 
a Right . Left 
crane sali, eens. 
c 
ail 
€ 
A B 
Fig. 2.—Lateral deviation. A, Casts mounted arbitrarily. a, point of rotation; b, anatomic 
position of casts; c, arbitrary mounting position; d, arc of right lateral movement of anatomic 
mandible. B, Enlargement of circled area of A. a, smaller forward movement of arbitrary 
mandible during lateral movement; b, larger forward movement of anatomic mandible during 
nt- lateral movement. 
au 
“d A triplicated maxillary cast was mounted arbitrarily on a Model H Hanau 
articulator. The second triplicated maxillary cast was mounted on a similar articu- 
lator, using the Hanau Model C face-bow. The stem of the bite-fork was positioned 
ed parallel to the Camper plane. When transferred to the articulator, the stem: was 
Ww placed as parallel to the lower member of the articulator as vertical space would 
k- permit. The master casts were mounted with the Modei C face-bow, utilizing an 
ot infraorbital pointer (Hanau Model SM face-bow) on a Hanau SMX articulator 


(high-post). The Model H articulators are of the low-post type. 
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A central-bearing tracing device was used to establish centric relation. With 
this registration, the lower casts were mounted on the articulators. The protrusive 
record was obtained for the adjustment of the horizontal condylar guidance. The 
technique outlined by Smith and Appleby’? for centric and protrusive registrations 
was utilized. Two more sets of occlusion rims were constructed. Three sets of 
artificial teeth of similar class and mold were selected, and the teeth were arranged 
on all three articulators. 























3 





Fig. 3.—Vertical deviation. Maxillary cast mounting in relation to the articulator condylar 
settings. a-b-c, anatomic vertical position; ai-bi-ci, and ae-be-cz, acceptable vertical variations; 
a, a1, ae show flexibility of the semiadjustable articulator; x, xi, x2, all these angles must be 
equal; ab, aibi, azb2 are all equal; y, the curved path in which the acceptable vertical positions 
rest. 


The dentures constructed for the patient were processed, paths milled in, and 
polished. The finished dentures, plus the other two trial dentures, were tried 
in the patient’s mouth, tested, and observations noted. The observations will be 
mentioned in the following discussion of the errors induced by each of the six 
positions. Fig. 1 shows each of the maxillary dentures in position in the mouth. 


DEVIATIONS OF THE MAXILLARY CAST AS A UNIT 


Lateral Deviation.—In a lateral deviation the anatomic maxillae are asym- 
metrically placed to the left (or right). We will consider only the deviation to 
the left. In this case the casts would be mounted symmetrically with the condyles 
(Fig. 2, 4). When this denture is transferred to the mouth, there will be an 
interference on the right side during the right lateral working occlusion. his 
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interference will be between the mesial inclines of the mandibular posterior cusps 
and the distal inclines of the maxillary posterior cusps (on the right side). The 
two sets of casts mounted by way of the face-bow were in a left lateral position 
(approximately 5 mm. off the median line). Thus, part of the interference en- 
countered when the arbitrary dentures were tried in the mouth was probably caused 
by this anatomic asymmetry. The interference found was the type mentioned 


‘rons amo aa 
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Fig. 4.—Anteroposterior deviation. A, Anatomic anteroposterior positioning of the casts. 
This shows the greater forward movement in the lateral movements. B, Anteriorly placed 
casts arbitrarily mounted on the articulator. This shows the decreased forward movement in 
the lateral movements. 


above (Fig. 5, A and B). This interference exists because in the right lateral 
working occlusion in the mouth, the right mandibular teeth take a greater anterior 
path than they did on the articulator (Fig. 2, B). 

Vertical Deviation—The vertical deviation would technically encompass all 
positions other than a-b-c of Fig. 3. (If this is the anatomic profile of the patient 
with head erect.) However, the flexibility of the semiadjustable articulator allows 
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adjustment of the condylar incline (Fig. 3, a, a,, a,). Thus, with the proper 
condylar inclines (set by protrusive registration), correct ramus length (Fig. 
3, ab length), and correct ramus-occlusal plane angle (Fig. 3, x), no vertical 
error will exist. 

The advantage of the exact vertical positioning of the casts is its more natural 
orientation on the articulator. This will aid in the articulation (arrangement) of 
the teeth, especially in adjusting the labial inclination of the anterior teeth. There 


A, A. 





B; B. 


Fig. 5. Fig. 6. 

Fig. 5.—Complete denture try-ins utilizing the Hanau Model C face-bow, Hanau Modei H 
articulator, and the Camper plane. A, In right lateral working occlusion on the articulator, 
the intercuspation appears to be good as pointed out by the arrow. B, In right lateral working 
occlusion in the mouth, the intercuspation appears to be good at a and b. The space seen at 
point c was eliminated by more eccentric lateral movement. 

Fig. 6.—Complete denture try-ins using the arbitrary technique for the cast mounting. 4. 
Right lateral working occlusion with good intercuspation. Arrow points to equal contact on 
both the mesial and the distal inclines of the lower second bicuspid. B, The same occlusion in 
the mouth demonstrates spacing on the distal inclines of the lower bicuspids and also in the 
lower first molar region. There is cuspal interference on the mesial inclines of the lower right 
posterior teeth. 


is a tendency to avoid labial inclinations of the anterior teeth when using the arbi- 
trary mounting method (Figs. 5, A and 6, 4). 

Any orientation within the given curved path (Fig. 3, y) and having the 
proper angulations at the condyle and at the junction of the occlusal plane and 
ramus line (Fig. 3, x, x,, or x.) will simulate the desired anatomic form. 

Anteroposterior Deviation.—This condition exists when the casts are oriented 
in an anterior (or posterior) position from the anatomic position (Fig. 4, 2). 
When the teeth undergo intercuspation, the arc formed by the lower cuspid in 
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the right lateral working occlusion is primarily in a lateral direction and only 
slightly forward. The arc required for the correct intercuspation in the mouth 
is primarily in a lateral direction, but it also has a greatly increased anterior move- 
ment (Fig. 4, A and B). This will cause an interference between the distal inclines 
of the right maxillary posterior cusps and the mesial inclines of the lower right 
posterior cusps. This anterior shift will also cause spacing mesial to the upper 
cusps and distal to the lower cusps (Fig. 6, B). 








Fig. 7.—Lateral working occlusion of finished complete dentures utilizing the Hanau Model 
SM face-bow and Hanau Model SMX articulator. A, Left lateral working occlusion with balanced 
intercuspation. B, Right lateral working occlusion with balanced intercuspation. 


On the balancing side, the sliding balance will show a mesial displacement 
of the central incline of the mandibular buccal cusps over the central inclines 
of the maxillary lingual cusps. If the casts were mounted in a posterior position 
to the anatomic relation, the mandibular intercuspation would be set up with 
too great an anterior shift in the lateral intercuspation. When tried in the mouth, 
the interferences and spacings would be the opposite of that mentioned for the 
anterior placement. 

The casts of the arbitrary mounting in the study were mounted 10 mm. farther 
anterior than the mounting of the casts in the other two articulators. This, as 
mentioned above, should cause spacing in the posterior region behind the distal 
inclines of the maxillary cusps. This is especially pronounced in the anterior region 
of the posterior teeth (bicuspid region) because of the greater distance traveled 
in the lateral working occlusion of this region (Figs. 5, A and B and 6, A and B). 


— 
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In Fig. 7 both the right and the left lateral working occlusion are seen. The 
centric, the balancing, the working, and the protrusive occlusions were all clinically 
perfect. There was no evidence of interference or spacing. The clinical compari- 
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Fig. 8.—Malpositions of the cast intraorientation. A, Malposition along the horizontal axis 
parallel to the condylar axis. a, decreased anteroposterior distance; b, malposed maxillary cast; 
c, increased anteroposterior distance. B, Malposition along the vertical axis. a, anatomically 
mounted cast; b, rotational paths of cusps of anatomically placed cast; c, deviated tendency of 
the path of rotation of the cusps of arbitrarily mounted cast when the denture is placed in 
the mouth; d, arbitrarily mounted casts. C, Malposition along the horizontal axis perpendicular 
to the condylar axis. a, arbitrarily mounted maxillary cast; b, anatomically mounted maxillary 
cast. 


son, however, must be done between the unprocessed complete dentures because 
the finished complete dentures have been spot ground and the paths of occlusion 
milled in. 
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Collett® cites another effect of incorrect anteroposterior positioning: “Gross 
inaccuracies in the orientation of the casts on the articulator will manifest them- 
selves in the occlusion. For instance, if the casts are mounted too far from the 
opening axis of the instrument (when the casts are closed to occlusion) there will 
be a premature contact in the posterior region. If they are oriented too close 
to the opening axis, the premature contact will be in the anterior region.” 

Finally, the cusp angulation of the molars, which is necessary for balance in 
protrusive occlusion, varies with their anteroposterior position." 


DEVIATION OF THE INTRAORIENTATION OF THE MAXILLARY CAST 


1. Malposition along the horizontal axis parallel to the intercondylar axis: 
In Fig. 8, A, the condylar-incisal distance is seen to be decreased and the condylar- 
tuberosity distance is increased. This would appear to give a setup which has 
a decreased anteroposterior distance in the anterior region and an increased antero- 
posterior distance in the posterior region. There is also an increased compensating 


curve. 





* Fig. 9.—The finished complete dentures in centric occlusion (Model SM face-bow and Model 
SMX articulator used). 


2. Malposition along the vertical axis: As shown in Fig. 8, B, the areas 
of interference and spacing produced when the complete dentures are transferred 
to the mouth are quite obvious. The paths followed by the cusps during articula- 
tion and the paths to be followed in the mouth are illustrated. 


3. Malposition along the horizontal axis vertical to the intercondylar axis: 
This malposition is most readily incurred when the anatomic intercondylar axis 
is not horizontal. The maxillary occlusion rim is constructed in the mouth with 
the occlusal plane horizontal. The casts are then arbitrarily mounted on the articu- 
lator with the occlusal plane of the occlusion rim again horizontal. Thus, it is 
parallel to the condylar axis which on the articulator is horizontal. The resultant 
effect upon the denture is quite complex, and no further explanation will be at- 
temped (Fig. 8, C). 

Fig. 9 shows the finished complete dentures in centric occlusion and inserted 
in the patient’s mouth. 
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SUMMARY 


1. The purpose of the face-bow is to orient the maxillary cast to the condyles 
of the articulator in six defined positions. 

2. The immediate history and advantages of the face-bow are outlined. 

3. The advantages of the empirical face-bow over the kinematic face-bow 
are discussed. 

4. Errors incorporated by the arbitrary mounting of the casts are discussed 
as related to bodily malposition of the maxillary cast and intramalposition of the 
maxillary cast. 

5. A procedure involving both the arbitrary and the face-bow method of cast 
mounting is discussed, and the results are used to illustrate the errors. 


CONCLUSION 


1. It is advantageous to simulate on the articulator the anatomic relationship 
of the residual ridges to the condyles for more harmoniously occluding complete 
dentures. 

2. The arbitrary method of locating the center of condylar rotation is ac- 
ceptable if the technique is good and is carefully carried out. A good technique 
includes palpation of the condyles to check the accuracy of the arbitrary method. 


REFERENCES 


1. Craddock, F. W., and Symmons, H. F.: Evaluation of the Face-Bow, J. Pros. DEN. 
2 :633-642, 1952. 


2. Logan, J. G.: Indispensability of the Face-Bow and the Effect of a Short Radius in 
Full and Partial Denture Construction, D. Digest 32:537-542, 1926. 

3. Stansbery, C. J.: Futility of the Face-Bow, J.A.D.A. 15:1467-1471, 1928. 

4. Page, H. L.: Lexicography, Hinge Opening, Hinge Closing and Centric, D. Digest 
61 :17-23, 1955. 

5. Schallhorn, R. G.: A Study of the Arbitrary Center and the Kinematic Center of Rota- 

: tion for Face-Bow Mountings, J. Pros. Den. 7:162-169, 1957. 

6. —— T.: The Face-Bow, Its Significance and Application, J. Pros. DEN. 
3:618, 1953. 

7. cane B.: Application of the Hanau Model C Face-Bow, J. Pros. DEN. 5:626-628, 

DD. 

8. Collett, H. A.: The Movements of the Temporomandibular Joint and Their Relation to 
the Problems of Occlusion, J. Pros. DEN. 5:486-496, 1955. 

9. Hanau, R. L.: Full Denture Prosthesis, Intraoral Technique for Hanau Model H, ed. 


4, Buffalo, N. Y., 1930, Thorner-Sidney Press. 
10. Trapozzano, V. R.: Occlusal Records, J. Pros. Den. 5:329, 1955. 
11. Jamieson, C. H.: A Modern Concept of Complete Dentures, J. Pros. DEN. 6:587, 1956. 
12. Smith, E. S., and Appleby, R. C.: Outline for Construction of Complete Dentures, ed. 
1, Iowa City, Iowa, revised 1956, University of Iowa. 


STATE UNIVERSITY OF IOWA 
Iowa City, Iowa 










































THE HUMAN TEMPOROMANDIBULAR JOINT: KINEMATICS AND 
ACTIONS OF THE MASTICATORY MUSCLES 


JoHan Utricu, M.D. 


5 en MOBILITY OF THE temporomandibular joints during mouth opening, pro- 
L trusion, and lateral movement, and the ranges of functional movements dur- 
ing speech, singing, and mastication were investigated. 

Further, the resultant actions of the different muscles which move the man- 
dible were examined on cadavers and compared with movements performed by 
corresponding muscles in living persons. 


MATERIAL AND METHODS 


| The photographic method used in this investigation was similar to that em- 
ployed by Luce! and Marey.” 

For recording purposes, an apparatus was fixed to the lower teeth by means 
of a splint which did not interfere with the occlusion of the teeth. An extension 





from the splint carried a number of reflective silver balls to either the right or left 
side of the subject. Three of the balls were located in front of the incisors, a fourth 
at the mandibular angle, a fifth outside the mandibular foramen, and one or two 
at the condyle. The balls were placed in the same sagittal plane as that of either 
the left or right temporomandibular joint. 

An exposure was made of the head when the teeth were in the occlusal 
(intercuspal) position. Tracings of the path of the moving jaw were obtained 
by exposing the photographic plate while the balls were brightly lighted. The 
skin covering the joint, the mandibular angle, and the zygomatic arch were marked 
on the subjects with a white color before they were photographed. 

A total of 13 subjects with natural teeth were examined. However, not all 
of these were used in all of the experiments. 

Lateral profile photographs were made during normal opening movements 
and also during an attempted retrusion of the mandible. Similar records were 
made during a mandibular protrusion with the teeth in contact, followed by an 
opening movement. 

Corresponding points on each of the recorded movement paths were marked 
(see Figs. 1, 3, and 4). This was done by using a transparent celluloid plate con- 
taining holes that marked the positions of all of the balls at the starting position. 


Condensed and translated by Dr. Ulf Posselt, Royal Dental School, Malmé, Sweden, from a 
thesis for a Doctorate in Medicine entitled, ‘“‘Underségelser over Kjabeleddet hos Mennesket 
nied sirligt Hensyn til de mekaniske Forhold,” Copenhagen, 1896, 102 pages. Published with 
permission granted by surviving relatives of Dr. Ulrich. 
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All subsequent positions in the recorded curves could be located by pricking 
through the holes with a fine needle. In this way, a total of from 10 to 12 positions 
were marked on each curve. . 


Exposures were made also during lateral movements of the jaw. In this study, 
the subject was recumbent, and the silver balls were located differently to facilitate 
their being photographed by a camera that was placed in the direction of the long 
axis of the body. The balls were placed at the level of the occlusal plane but lateral 
to the condyles. 








Fig. 1.—Tracings of a habitual opening movement made from a photographic plate (see 
Figs. 3 and 4). The curve —.—.—.—. connects the instantaneous axes for the opening movement 
as calculated mathematically for this particular subject. 


In the photographs “from above,” by means of a celluloid plate, points cor- 
responding to the exact positions of the condyles were pricked into the photograph 


(see Fig. 6). 


RESULTS 


Movement of Maximal Opening.—The condyles moved forward with a fairly 
even velocity, except during the last part of the movement at which time they moved 
more slowly or not at all. The condyles generally moved anterior to the lowest 
part of the articular eminence. 

The total opening angle for three subjects gave a mean value of 25 degrees 
(range 21 to 29 degrees). The mean total shift of the condyle was 14 mm. (range 
9 to 21 mm.). 
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Instantaneous Axes of the Opening Movement.—The marked points were 
connected with straight lines for one subject. Then, a mathematical calculation 
was made of the positions of the kinematic axis for each successive shift of position. 
This method was used as a check on the instantaneous axes as constructed geo- 
metrically. Geometric constructions are inexact because of the very short arcs. 
The results of the mathematical calculations and the geometrical constructions 
correspond reasonably well. The main conclusion obtained from these calculations 
and constructions was that since the condyles start their forward movement imme- 
diately upon jaw opening, only a changing axis can be responsible for the opening 
movement (Fig. 1). 

The paths of an opening and closing movement in the same individual did not 
coincide. The closing path was generally in front of the opening path when the 
teeth were not brought together. However, the paths deviated least when the 
movements were executed in rapid succession and the teeth were brought to- 
gether each time (Fig. 2). In the latter instance, naturally the consciousness that 
the teeth are going to be brought together in the normal intercuspation will regu- 
late the movement path. 


AGI ALT ALT ALY Aber Ate I 


Fig. 2.—Projections on the median plane made from one or two pairs of opening and 
closing movements. If the closure was stopped immediately before the teeth made contact, 
the closing curve was in front of the opening path (ADI, AbIII, AbIV, AbV). These curves, 
however, coincided near the maximal opening. When the movements were rapid and the 
teeth were brought together each time, the opening and closing paths deviated considerably 
less, especially in the neighborhood of occlusal contact (AbblI, AbbdII). 

Protrusion With the Teeth in Contact and Subsequent Maximum Opening.— 
Because of the vertical overlap of the anterior teeth, the curve developed during 
protrusion of the mandible with the teeth in contact had first a downward and 
then an upward direction (Fig. 3). It was clearly shown that the condyles moved 
further forward when the mandible was moved from the maximum protruded 
contact position to maximum opening. In other words, the condyles did not move 
fully forward during protrusive gliding. The same maximum opening position was 
reached after a usual opening as well as when opening followed maximum pro- 
irusive glide. 

Possibility of a Terminal Hinge Opening.—Three of the subjects were asked 
to hold the mandible back while opening maximally. Two of the individuals could 
not suppress the forward movements of the condyles, but the third individual did 
carry out an opening movement to almost half of its extent without any significant 
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Fig. 3—A photographic plate exposure made during a protrusive movement with the 
teeth in contact and a subsequent opening movement of the mandible. 





Fig. 4——An exposure made during an attempted hinge opening movement. 
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forward glide of the condyles (Fig. 4). The condyles did not remain stationary but 
moved downward and backward on a convex curve. The movement area in the 
median plane is seen in Fig. 5. 


LATERAL MOVEMENTS 


The first part of the curves, developed when lateral excursions of the man- 
dible were made, indicated a small bodily shift* of the mandible directly laterally 
(varying in extent from 1.5 to 3 mm.). In other words, the Bennett shift seemed 
to prevail at the start of the movement. After a similar shift (medially), the 






Kiiee DE. —— 
Kuwe CI —_— 
Kiiwe Aal 


Fig. 5—The movement area on the median sagittal plane for different points fixed to the 
mandible. The paths DI and AalI were recorded from the same subject. The path CI was 
traced by another subject who was not able to perform a terminal hinge as well as one of 
the other two subjects investigated. 


balancing condyle moved forward and somewhat medially, while the working 
condyle moved a little farther laterally and backward. Therefore, the axis of the 
left or right lateral movement was not located in the working condyle but was 
located posteriorly and medially to the working condyle. The axes were not 
stationary at any moment. 

The fact that the working condyle often moved backward corresponds to 
the observation which can be made on oneself and others that a small shift of the 
mandible is possible posterior of the usual closed position. The movements from 
the occlusal position maximally to the right are shown in Fig. 6. 


*Translator’s note: This movement was later known as the Bennett movement, following 
a publication by Bennett (1908). 
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A series of registrations of the lateral movement when the individual attempted 
to protrude the mandible at the same time showed that the balancing condyle moved 
farther forward during this type of lateral movement than it did during the un- 
complicated protruded movement. This might be paralleled with the previous 
finding that during maximum opening the condyles made larger excursions than 
they did during protrusion. 
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Fig. 6.—A lateral movement to the right as projected on the horizontal plane. 
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MASTICATORY MOVEMENTS 


Further tests were made to investigate mandibular movements performed dur- 
ing the chewing of grain. However, no conclusions could be drawn because of 
the short length (only about 1 degree lateral shift) and irregularity of the curves. 
Probably tooth facets had a definite influence on these movements. 
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EXPERIMENTS WITH MUSCLES WHICH MOVE THE MANDIBLE 


The muscles and soft tissues were dissected on a wet specimen, but the tem- 
poromandibular joint was left untouched. The muscle insertions were marked 
during the dissection, and strong strings were fixed to these locations. The strings 
were carried through the muscles and their origins to positions where they could 
be pulled conveniently. The hyoid bone was fixed in its natural position, and 
strings were led through it to simulate the action of the digastric muscle. Strings 
were substituted for the following muscles: masseter, posterior fibers of the 
temporal, internal and external pterygoids, digastric, geniohyoid, and the pos- 
terior fibers of the mylohyoid. In the same manner as for the living subjects, 
photographic exposures were made when a pull was exerted on one or more of 
the strings. It was learned from the experiments that every single natural move- 
ment required the cooperation of several muscles. Most of the movements effected 
by the strings were not identical with those seen in vivo. This showed the im- 
portance of the synergetic coordination of various muscles. 


DISCUSSION 


Ferrein® described in detail many of the movements of the jaw and the 
temporomandibular joint. Many later authors merely repeated his views. The 
curves of Marey’s? figures have not been analyzed in detail. 

Many of the previous investigations have not elucidated individual differences. 
This is true of Henke’s* theory. He saw the movements of the condyles during 
opening and closing movements as a combination of a rotation around a frontal 
axis through the center of the curvatures of both articular eminences and a condyle 
hinge axis rotation. Therefore, during forward movement, the meniscus and the 
condyles moved as a unit. 

Two phases of movement, such as a translation and rotation, could be com- 
bined into one, but any segregation of these movement phases or any convenient 
combination of them was arbitrary. It could only be of use for demonstrating or 
describing the movement. 

The movement paths during protrusion of the mandible with the teeth in 
contact did not show any resemblance to the occlusal curvature as indicated by 
Spee.®> It was concluded that in protrusion with a vertical overlap the axis of the 
movement could not be in the region of the orbitae such as suggested by Spee.*® 
Further, the theory would only be true in rare instances when the cusps were 
completely worn down. Finally, protrusion to such an extent was not used in 
mastication. 


SUMMARY 


The shape of the joint surfaces do not govern movements, but these are de- 
termined rather by the synergistic action of muscles. 
The results can be summarized in the following points* : 





*Translator’s note: An almost literal translation is used here. 
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1. Large variations were found in the patterns of opening and closing, as 
well as forward and lateral movements because of the laxity of the joint tissues. 

2. The instantaneous axis shifted very much during the whole of the opening 
movement. No single axis could be shown. 

3. The angle of opening and the amount of translation of the condyles were 
calculated. In maximum opening the condyles, as a rule, glided forward some- 
what further than to the top of the eminentiae. The condyles could be held back 
actively so that no or only a small amount of translation was effected during the 
first part of the habitual (natural) opening. 

4. The total range of movement of the jaw was seldom utilized during such 
functions as speech and singing. The opening angles used during speech were 
generally only from 1.5 to 4.5 degrees. While singing, opening degrees of 4.3 to 
8.6 were used as compared to 20 to 30 degrees of total opening. Ten degrees 
corresponds to 7 to 8 mm. of total condyle translation. Usually, during function, 
only 2 to 3 mm. of horizontal translation was used. 

5. The movement area in the median plane for an anterior point of the man- 
dible did not correspond fully with those described by Henke* and others. 

6. Sagittal translations of the condyles were the largest during lateral 
movements. 

7. The axes for lateral movements were posterior to the condyles. 

8. A bodily side shift of the mandible of 2 to 3 mm. was possible. 

9. The total angle of rotation (from one extreme lateral position to the 
other) was calculated to be 30 degrees on the average. 

10. Freer lateral movements of the mandible could be performed when it was 
protruded than could be from its posterior position. 

11. Masticatory movements were combinations of opening, forward, and 
lateral movements. 

12. The digastric, geniohyoid, genioglossus, and mylohyoid muscles could 
cause a lowering of the mandible ( opening movement), but not a movement of 
natural character. 

13. The combined effect of the external pterygoid muscles and the afore- 
mentioned other muscles resulted in an opening movement pattern resembling that 
obtained in living individuals. The same was true for lateral movements. Many 
muscles must work together to produce a natural movement. 

14. Contraction of the external pterygoid muscles precludes the necessity for 
extreme shortening of the digastric muscles. 
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DISCUSSION 
The Human Temporomandibular Joint: Kinematics and Actions 
of the Masticatory Muscles by Johan Ulrich, M.D. 
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levees WORK ACTUALLY ELUCIDATES many pertinent points on the stomato- 
gnathic system which were discussed at a much later date and, for a large part, 
corroborated by other authors. This is true of the character of the habitual opening 
and closing movement, the axes for such movement, the analysis of the range of 
movement of the mandible, the ranges of the usual functions in relation to the 
former, and the analysis of lateral movements. Further, the experiments on the 
muscles showed that synergetic coordination was necessary for natural movements 
to be carried out. 

Some of Ulrich’s conclusions and speculations, such as the proprioceptor-like 
regulations of movements, even anticipate some of the present attitudes on the 
function of the masticatory system. 

Unfortunately, his reasoned and undramatic statements are written in a lan- 
guage which was not internationally studied and, furthermore, published in only a 
few copies as a medical thesis. Therefore, his pioneer work remained practically 
unknown outside of the Danish dental profession. 

The method used is sound, and the findings are interpreted in a critical way. 
The principle is to trace points in fixed connection with the mandible, but relatively 
far away from this bone. Thus, the curves obtained are enlarged, and from these 
curves are constructed paths of movements of points situated in the mandible itself. 

The following points of Ulrich’s findings should be especially stressed : 

1. The condyles start their forward movements immediately in habitual open- 
ing of the mandible from the occlusal position. 

2. There are no fixed axes for habitual functional movements. 

3. The course of the habitual opening movement as related to the movement 
area of the median sagittal plane is roughly the same as found by later authors. 

4. Normally, individuals can retrude the mandible posteriorly from the usual 
intercuspal position. This was not new nor surprising to Ulrich. 

5. Evidently, he did not investigate the influence of training on the execution 
of the hinge movement, nor did he search for a terminal hinge axis by means of 
adjustable condyle pins or similar methods. However, he found one in three sub- 
jects could perform almost a terminal hinge movement. 
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6. Ulrich found and demonstrated what was afterwards known as the Benneit 
movement. 

7. The idea of synergy of muscle action was suggested in the carrying out of 
a normal movement. However, one direction of force may be accomplished by 
several muscles. 

8. Even proprioception and/or central regulation of movements was inaug- 
urated. 


I wish to express my sincere thanks to Dr. Kjaer-Nielsen of Brammingo, Denmark, whio 
presented me with the original book of Dr. Ulrich and to The Association for the Protection 
of Scientific Work, Copenhagen, Denmark, for their help in obtaining permission to review Dr. 
Ulrich’s thesis. 


THE RoyaL DENTAL SCHOOL 
MALMO, SWEDEN 














A CLINICAL EVALUATION OF THE ARCON CONCEPT OF 
ARTICULATION 


Heinz O. Beck, D.D.S., M.S.* 
University of Texas Dental Branch, Houston, Texas 

HE TERM “ARCON” HAS BEEN defined! as a derivation coined by Bergstrom? 

from the words articulator and condyle. It was stated that it may be applied 
to the type of articulation in which equivalent condylar guides of an instrument are 
attached to the upper member in contrast to the condylar type of articulation in 
which the guide paths are attached to the lower member of an instrument. The shaft 
axis of each type of instrument is likewise at opposite positions, it being fixed to the 
lower member of the arcon type and on the upper member of the condylar type. 

The axis of any articulating instrument is related directly to a transfer record 
secured on a patient when a face-bow is employed. This transfer of the upper jaw 
position of a patient in its relationship on an articulating instrument of single-axis 
shaft design may be divided into three problems: (1) the selection of an assumed 
axis to be used, (2) the location of the assumed axis on the patient, and (3) the 
transfer of the located axis to an instrument with the assumption that this axis and 
its movements are reproduced on the instrument. 

The last problem was discussed in the article’ in which an analysis of the arcon 
type of articulation was made as compared to the condylar type of articulation. 
Theoretical proof had been given that more accurate reproductions of mandibular 
movements may be obtainable in the arcon type of articulation, and that fewer fac- 
tors influence the setting of the guide paths. This was described in contrast to the 
condylar type of articulation. These differences, though small, were theoretically 
measurable. 

If an adjustable or semiadjustable instrument is to be used in complete den- 
ture construction, the accepted procedure is usually to record the relationship of the 
jaws to the temporomandibular joints. Then, by means of a face-bow, a transfer is 
made to orient the casts on the instrument in that relationship. The first part of 
this discussion will deal with the location and the selection of a suitable axis for 
this purpose, leading to a clinical evaluation. Such an evaluation appears to be in- 
dicated since the location of the axis in the Bergstrom instrument differs from other 
generally accepted locations of an axis. The second part of the discussion will deal 
with a clinical evaluation of the arcon type of articulation as compared with the 
condylar type. 





Read before the Academy of Denture Prosthetics, Detroit, Mich., May 9, 1958. 
Received for publication June 2, 1958. 
‘Professor, Restorative Dentistry, Prosthetic. 
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LOCATION OF AXES 


The location of an axis for relating the upper jaw position on an instrument 
has been under discussion for a number of years. Generally, two arbitrary axes 
have been described in a number of articles and textbooks. One axis, as described 
by Gysi® and others, places it on a line from the upper margin of the external audi- 
tory meatus to the outer canthus of the eye and 13 mm. in front of the anterior 
margin of the meatus. Beyron,* in his evaluation of the center of the opening con- 
dyle movement with an arbitrary point, locates an approximate axis similarly, ex- 
cept that the line is drawn from the center of the tragus of the ear to the corner of 
the eye, and the axis is located 13 mm. anterior to the posterior margin of the tragus. 





Fig. 1—The Bergstr6m articulator and face-bow. The articulator axis is located 10 mm. 
anterior to the spherical insert for the external auditory meatus and 7 mm. below the Frank- 
fort horizontal plane. 


The hinge axis for the opening movement of the lower jaw, as located by an 
adjustable axis face-bow, is another axis advocated by proponents of its theory, 
including McCollum’ and McLean.* Woelfel and associates‘ recently supported the 
hinge-axis theory by electromyographic evidence, however, they concluded that the 
hinge movement is not the normal opening pattern of the mandible in most in- 
dividuals. 

Bergstrom? makes use of an arbitrary axis which is located automatically by 
his face-bow 10 mm. anteriorly to the center of a spherical insert for the external 
auditory meatus and 7 mm. below the Frankfort horizontal plane (Fig. 1). His 
placement of the axis is based on Beyron’s investigations* of the average opening 
condyle axis. 
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It seemed appropriate, then, to investigate the relative positions of the four 
t axes mentioned. While this study was in progress, Schallhorn* reported a detailed 
Mm study of the relationship of one arbitrary axis, as described by Beyron,* with the 
1 kinematic centers of rotation. His conclusion was that ‘‘one can feel justified in 
m 
yf 
l. 
¢ 
1 

Fig. 3. 

e Fig. 2.—The relative positions of the kinematic and arbitrary points for the orientation 
e of the face-bow were located with small metal balls. 

Fig. 3—A roentgenogram of the located arbitrary and kinematic points of Fig. 2 shows 
- their relative positions. 

using the arbitrary axis for face-bow mountings on a semiadjustable articulator 

y since, in over 95 per cent of the subjects with normal jaw relationships, the kinematic 
y center lies within a radius of 5 mm. from the arbitrary center, which is considered 
s by Arstad[ref.9] and others [ref. 10-12] to be within the limits of negligible 
5 error.” 

Therefore, it remained only to indicate clinically the relationship of the axis 

chosen by Bergstrom with the two arbitrary and the kinematic axes, 
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Twelve dental students and faculty members with acceptable dentitions and 
jaw relationships were selected for this study. Acrylic resin splints were constructed 
for each subject to firmly fix the adjustable axis face-bow to the dentitions. The 
kinematic point of rotation was located first on each subject so that the determina- 
tion of the other points, which are located by facial landmarks, would not influence 
the locating of the kinematic point of rotation. The location of each point was 
cross-checked by another member of the prosthetic department. Then the arbitrary 
points as described by Gysi and by Beyron were located by facial landmarks. In 
addition, the Bergstrom automatically determined point was located by the measure- 
ments as previously described. Small metal balls were fixed on the located points 
of the skin with surgical adhesive (Fig. 2). Roentgenograms were made while the 
teeth were held lightly in centric occlusion to relate these points to each other and 
to the left condyle (Fig. 3). Tracings were made of each roentgenogram to show 
the relative positions of the located points (Fig. 4). 

A tabulation in millimeters comparing the distances of the two arbitrary and 
the Bergstrom arbitrary points with the kinematic point is seen in Table I. 


TABLE I. COMPARISON OF THE AXIS AS LOCATED BY THE DIFFERENT METHODS 


PATIENT KINEMATIC ARBITRARY ARBITRARY BERGSTROM 


NUMBER POINT ® POINT X | POINT + POINT O 
1 0 0.8 0.2 Ont 
2 0 8.5 0.3 2.5 
3 0 6.5 2 5.0 
4 0 15 6.5 jes 
5 0 120 5.0 5.0 
6 0 9.5 4.0 3.0 
7 0 17.0 9.0 6.0 
8 0 5.0 25 5.0 
9 0 17.0 10.5 6.5 
10 0 1325 8.0 25 
11 0 ToS 6.0 oo 
12 0 1720 10.0 6.5 
Mean 10.7 Geer 4.1 


Fig. 5 illustrates the distribution of the located points graphically. Although 
the number of subjects studied was small, the locations of the arbitrary points (+), 
as described by a line from the tragus of the ear, generally compare favorably with 
the kinematic points. This is in agreement with the investigations made by Schall- 
horn and Beyron. The Bergstrom points compare most favorably with the kinematic 
points since a majority lie within a radius of 5 mm. However, the points (x), as 
located on a line from the upper margin of the external auditory meatus to the 
canthus of the eye, show a greater difference in millimeters from the kinematic 
points. 


SELECTION OF AN AXIS 


The word “axis,” as applied to the mandible, has been used in the discussion 
with certain reservations, if it is thought of in terms of being a fixed axis. In fact, 











9 











Volume 9 ten eeees > 4 ae 
+ e-cg ARCON CONCEPT OF ARTICULATION 413 
other terms such as the “hinge axis” and “center of rotation” have been used sim- 
ilarly because of their common acceptance. The use of these terms must be justi- 
fied specifically in terms of whether a hinge axis exists and whether, after the trans- 
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Fig. 4.—Tracings of the roentgenograms. e, The kinematic point as located by the adjust- 
able axis face-bow. 0, The Bergstrém point located 10 mm. anterior to the center of the external 
auditory meatus and 7 mm. below the Frankfort horizontal plane. +, The arbitrary point 
located on the tragus-canthus line and 13 mm. anterior to the posterior margin of the tragus. 
x, The arbitrary point located 13 mm. anterior to the external auditory meatus on the line 
from the upper margin of the external auditory meatus to the canthus of the eye. 
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Fig. 5—Graphic distribution of the located points. ¢, The kinematic point as located by 
the adjustable axis face-bow. o, The Bergstr6m point, located 10 mm. anterior to the center 
of the external auditory meatus and 7 mm. below the Frankfort horizontal plane. +, The 
arbitrary point located on the tragus-canthus line and 13 mm. anterior to the posterior margin 
of the tragus. zx, The arbitrary point located 13 mm. anterior to the external auditory meatus 
on the line from the upper margin of the external auditory meatus to the canthus of the eye. 


fer of such an axis, the articulator will perform the same motion as the mandible. 
In other words, what are the advantages, if any, to be gained by the use of an 
adjustable axis face-bow. 
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CLARIFICATION OF TERMS 


A brief review to clarify the terms to be used in the following evaluation of 
a fixed axis in the mandible appears to be necessary. An axis connects all points 
of zero translation with respect to the reference system. Plane motion means that all 
particles of a body travel in parallel planes. Rotation and translation refer to two 
types of plane motion. Rotation is that type of plane motion in which all particles 
of a body have the same angular displacement, velocity, and acceleration. Transla- 
tion is the type of plane motion in which all particles of a body experience the same 
linear displacement, velocity, and acceleration. Translation is further divided into 
two types, rectilinear and curvilinear. Rectilinear translation occurs when the path 
traced by any given point within the body generates a straight line, whereas curvi- 
linear translation exists when the path traced by a given point within the body is 
a curved line (Fig. 6). 

To say that the mandible opens about a fixed axis is, in fact, to say that the 
mandible experiences plane motion about an axis perpendicular to the plane of 
motion, fixed with respect to both the mandible and the reference system. The con- 
ditions for such a system to exist in a force system should be considered. If a body 
is to experience such an angular displacement, as with a fixed axis, then the di- 
rection of its particles must change continuously, and no two particles in a given 
plane would have equal linear displacement. Also, no particle would have a straight- 
line path. This would mean that the direction of the forces producing this dis- 
placement must also change continuously. Any reactionary force involved would 
have to result from two concentric circular mating surfaces with negligible backlash. 


AXES OF ROTATION 


The temporomandibular joint does not meet these requirements. The curva- 
ture of the condyle and the eminentia are neither constant nor do their centers 
coincide. Backlash should exist also within the joint, and the meniscus is an 
elastomeric substance the thickness of which is not constant with respect to the 
angular distance from the condyle. That the temporomandibular joint does not 
meet these requirements is demonstrated clinically by the fact that the so-called 
“kinematic center of rotation,” as located by an adjustable face-bow, seldom coin- 
cides with the center of curvature of the contact area of the condyle. It is, therefore, 
reasonable to question the existence of a fixed axis of rotation for the mandible. 

The following analysis is offered as further support of the possibility that no 
fixed axis of rotation for the mandible exists. Many movements of the condyle could 
give the same indications, as observed by the unaided eye, at the end of a condyle 
pointer of an adjustable face-bow during a small opening movement. With this 
device, the location of the pointer is determined by the position corresponding to 
the least linear displacement of its tip. The angular displacement of the particle 
would be the same regardless of the location of the pointer as long as it is perpen- 
dicular to the plane of motion. The use of an adjustable face-bow would be appli- 
cable if it were known that only rotation in one plane is involved. But, it is im- 
possible to determine with the face-bow alone whether the linear displacement of 
the tip of the pointer is due to rotation alone or due to rotation and translation. 
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Basically, the situation is this. If the condyle experiences a small translatory 
motion in any direction which is not parallel to the recording condyle pointer, then 
it is only necessary that the stylus be located so that the linear displacement due 
to the angular displacement is equal in magnitude and opposite in direction to the 
translation of the condyle. The tip of the pointer would then behave as though 
nothing but rotation in one plane was taking place. There are many situations in 
which this condition could prevail when only plane motion is considered and even 
more when three dimensional motion is considered. This transitory motion of the 
stylus tip could occur in one or more of many ways, such as, the stylus not being 
perpendicular to the plane of motion, or the stylus plate not being parallel to the 
plane of motion, or no plane of motion may exist, or the condylar movement may 
not be one of rotation in one plane only. 

Kurth,!* and Borgh and Posselt'* have shown that it is difficult to repeat the 
location of the condyle pointer on an instrument of single shaft design and to make 
it coincide with the shaft when the instrument is acting only in hinge motion 
(Fig. 7). 
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Fig. 6.—Paths of points in plane motion. The paths in rotation are concentric. The paths 
in rectilinear translation are parallel straight lines. The paths in curvilinear translation are 
parallel curved lines. 


EXPERIMENTS WITH AXES 


The following illustrations will demonstrate how it is possible to locate a 
seemingly stationary point when translation in addition to a rotation of an axis 
is involved. The most general motion of a rigid body can be described by noting 
the translation of any selected point and a simultaneous rotation of an axis through 
this point. Fig. 8 represents a possible condition in a patient. The model consists 
of a Hanau articulator with additional controls attached in such a way that as the 
upper member is rotated about the shaft axis, the shaft axis is translated along a 
straight line making an angle of 30 degrees with respect to the horizontal. Thus, 
of the infinite number of axes available for the description of this motion, only one 
axis exists whose motion is known, which is the shaft axis of the articulator. Since 
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most instruments of shaft or broken axis design do not incorporate provisions for 
controlling the displacement of an axis occurring during rotation, it becomes neces- 
sary to choose an axis which, during a small movement, will remain stationary and 
yet approximate the motion of the mandible. This axis can be found by connecting 
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Fig. 7. Fig. 8. 


Fig. 7—An articulator, which acts only in hinge motion, showing the relative position of 
the point of rotation with the axis of the instrument. The opening of the upper bow is at an 
angle of 10 degrees. 


Fig. 8.—An articulator with controls added so that its axis is displaced 1.5 mm. along 
both condylar paths of 30 degrees inclination in addition to an opening of 10 degrees. The point 
of rotation is 7 mm. from the articulator shaft axis. 


two points, each of which have the following type of motion: the displacement of 
each point, due to the displacement of the shaft axis, must be equal in magnitude 
and opposite in direction to the displacement of the point caused by the angular 
motion or rotation. For the location of these points, an adjustable face-bow can 
be used. It should be pointed out that we are not selecting a fixed axis because 
such an axis does not exist in our model. 

That no fixed axis exists in the model is evident, since for each 10 degrees ro- 
tation, the shaft axis is translated in a straight line 1.2 mm. This displaces the kine- 
matic point of rotation some 7 mm. Rotation about a fixed axis would require that 
the shaft axis be translated through a curve whose radius is 7 mm., a condition con- 
trary to actuality in the model. If the joints of similar arrangements to produce 
certain motions on the articulators are covered or hidden, as in the skull, it becomes 
impossible, by means of a kinematic face-bow alone, to determine which articulator 
is which. In other words, it is impossible to determine which one is experiencing 
only rotation in one plane and which one is experiencing rotation and translation 
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simultaneously (Figs. 7 and 8). The same principles apply whether or not the 
motion is restricted to plane motion. 

Figs. 9 and 10 illustrate a model in which rotation in three mutually per- 
pendicular planes takes place when the upper bow is opened. The second axis of 
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Fig. 10. 


Fig. 9.—An articulator with controls added so that rotation occurs in three mutually per- 
pendicular planes. The left condylar path is set at 90 degrees with the horizontal. The point 
of rotation is 9 mm. from the articulator shaft axis. 

Fig. 10.—The same articulator set-up as in Fig. 9. The right condylar path is set at 0 degrees 
with the horizontal. The point of rotation is 13 mm. from the articulator shaft axis. 
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rotation is vertical and perpendicular to the condylar axis, and plane motion does not 
exist. Again, since the recording of the face-bow pointer is two dimensional, the 
displacement of each point due to the rotation about one axis must be equal in mag- 
nitude and opposite in direction to the displacement of the point caused by the 
rotation about the other axes. 

It is evident, then, that a stationary axis is only possible in a body which 
experiences only rotation in one plane. This axis contains all points of zero trans- 
lation, and it is perpendicular to the plane of motion. In the last illustrations, this 
is not the case (Figs. 9 and 10). An axis in the form of a continuous straight line 
connecting the two points located in the illustration would not be perpendicular 
to the plane of motion since no such plane exists. 

If a transfer record is made to an instrument from a patient with the motion 
of the mandible as illustrated in Figs. 9 and 10, the motion would not be duplicated 
on the articulator. The general motion of the mandible would be replaced by the 
plane motion of the articulator. Therefore, an error is introduced on the instru- 
ment if the vertical maxillomandibular relationship is changed from the recorded 
position. This would be so in any instrument, whether of condylar or arcon de- 
sign. The fallacy in the use of the kinematic face-bow, therefore, lies in the mis- 
conception that the axis located by it coincides with a fixed axis about which the 
mandible rotates. 

The question now arises as to which “axis” to select for the transfer to an in- 
strument. In any event, the general motion of the mandible would be replaced by 
the plane motion of the articulator. It has been shown, in the section on the loca- 
tion of axes, that the arbitrary point located 13 mm. anteriorly to the posterior 
margin of the tragus on a line to the corner of the eye, the arbitrary point chosen 
by Bergstrom, and the kinematic point are all closely related (see Figs. 4 and 5). 
Even though the “hinge axis” is the axis of choice, it may not be without error. 
It, therefore, appears that the selection of the arbitrary axes used in this evalua- 
tion is justifiable. . 


EVALUATION OF THE ARCON ARTICULATION 


A clinical investigation was carried out to evaluate the arcon type of articula- 
tion with the condylar type by the construction of complete dentures. The Berg- 
strom and Hanau Model H instruments were used for this purpose because of the 
similarity of the dimensions of the instruments. Such an investigation presents 
many problems because of the variables in the anatomy, physiology, and tissue 
tolerance of the oral cavity, and the psychologic acceptance of dentures by some 
patients. Under even the most ideal conditions, definite conclusions are difficult to 
formulate and resulting interpretations may be challenged. 

Eighteen complete upper and lower dentures were constructed on the Berg- 
strom arcon instrument. It was soon realized that a comparative evaluation could 
be made only by the construction of duplicate dentures on a condylar instrument 
such as the Hanau Model H. This was carried out on six patients. In addition, 
upper and lower chrome alloy bases were fabricated for three of the six patients. 
Four removable steel pins were provided in each casting so that the processed resin 
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and attached teeth could be removed. In this way, the same bases could be used to 
fabricate the superstructures on each instrument for each of the three patients. 
Metal bases were incorporated in the evaluation to serve as a cross-check on the 
dimensional changes of resins which may occur during and after processing 
(Fig. 11). 

Attempts were made to eliminate as many of the variables as possible from the 
impressions to the final polishing. Duplicating procedures were used for the dupli- 
cate dentures from the final casts to the positioning of the denture teeth. After their 
positioning, the occlusions were individually balanced on each instrument. Maxillo- 
mandibular records of centric and protrusive relations by interocclusal wax records 
were checked at least twice with each occlusion on every patient. Twenty-degree 
posterior teeth were used for all of the patients except one for whom thirty-degree 





Fig. 11.—Four dentures as constructed for one of the patients. A and B are the resin den- 
tures constructed on a Hanau Model H condylar articulator and the Bergstrém arcon instru- 
ment. C and D are the interchangeable structures for the same metal bases as constructed 
on the condylar and the arcon type of instruments. 


teeth were used. The only prerequisite for the patients chosen for the duplicate 
denture evaluation was that the patients had had previous denture experience. It 
was felt that such patients would be able to evaluate the duplicate dentures more 
accurately. 

Only two factors could be evaluated in such an experiment: (1) the oral 
response of the supporting tissues under the dentures, and (2) the personal reac- 
tion of the patients to the various dentures in use. 

Each of the four sets of complete dentures was left in the mouth for periods 
of one to two weeks with three immediate daily postinsertion inspections of the 
tissues followed by further inspections at longer intervals. In some instances, one 
set of dentures was substituted for another set without the patient’s knowledge. 
Adjustments followed a definite pattern. If tissue irritation developed under one 
set of dentures because of border overextension or a pressure area, the same irrita- 
tion occurred with the other dentures. It was felt, therefore, that these conditions 
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were more a result of technique, or the oral conditions themselves, than the slight 
differences of articulation which were incorporated because of the type of instru- 
ments which were used. 

The patients were questioned extensively regarding the relative efficiency of 
the dentures after indicated adjustments were completed. No definite conclusions 
could be made from the statements made by the patients. Two of the patients 
stated that the teeth on the dentures which were constructed on the condylar instru- 
ment “ground more freely in chewing.” The possibility exists that the selective 
grinding procedure, although carefully attempted for all dentures, may have been 
more thoroughly executed in these dentures. The most common statement was that 
“one feels about as good as the other.” In the final analysis, by leaving the selec- 
tion of the dentures up to the subject, three patients retained the dentures which 
were constructed on the arcon instrument, two those constructed on the condylar 
instrument, and one patient voiced no preference at all. 


CONCLUSIONS 


1. Four points of reference for a face-bow transfer were located on twelve 
patients to show their relative positions, three by facial landmarks and one by an 
adjustable face-bow. Two of the arbitrary points as located by facial landmarks 
showed a high frequency of proximity to the kinematic point. 

2. The kinematic points, as located by an adjustable face-bow for a transfer 
record, may not be without error, and the articulator movements may not even 
correspond to those of the mandible in simple opening and closing movements. 

3. It may be justifiable to use an arbitrary axis which is located expediently 
and is within an allowable error. The Bergstrom face-bow requires only the ori- 
entation of the left orbitale, the axis being otherwise predetermined on the instru- 
ment in relation to the inserts for the external auditory meatus. 

4. A face-bow transfer and eccentric positional relation records, as indicated 
by adjustable instruments, should be employed to minimize the errors which occur 
when they are not used. Maxillomandibular records of an acceptable occlusal ver- 
tical dimension and centric relation are extremely important for any type of oral 
rehabilitation. 

5. Noconclusive results could be recorded from duplicate dentures which were 
constructed on the arcon and the condylar type of instruments. However, this study 
is limited in scope and further investigation may be advisable. 


SUM MARY 


An error in a face-bow transfer to instruments of single-shaft axis design is 
produced by any selected axis which is located facially by two points or by an ad- 
justable axis face-bow. An instrument is capable only of plane motion in a simple 
opening and closing motion, and this motion may not occur with the mandible in a 
similar movement. However, it is not advocated that a face-bow transfer should 
not be used since it may minimize the error which would be produced without its 
use. The error involved is further incorporated in the articulation when only a 
protrusive record is employed to set the equivalent condylar guides of an instrument. 











bag ARCON CONCEPT OF ARTICULATION 471 


No definite superiority could be noted in the clinical evaluation of complete 
dentures constructed on the arcon over the condylar type of instruments, both of 
which incorporate a number of averages in design. However, since fewer factors do 
influence the setting of the arcon guides,’ the use of multiple maxillomandibular 
records, such as lateral and protrusive positional records, should be an added ad- 
vantage to transfer terminal positions to an instrument of arcon design if it is 
capable of accepting such records. 


I wish to thank Mr. William E. Morrison, Assistant Professor in Physics, Dental Branch, 
University of Texas, for the help which I have received in the use and clarification of terms 
which are applicable to the laws of physics. 
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REQUIREMENTS OF ARTICULATORS FOR LATERAL MOVEMENTS 


Honorato Vita A., D.D.S. 
Mexico, D. F. 


' HAS BEEN ACCEPTED that the movable member of an articulator will give the 
same path when it is moved forward or backward beginning at the same start- 
ing point, because the guiding paths have the same angulation. The results of tests 
of this theory will be discussed. 

The lateral movement was studied on the horizontal plane in the apparatus 
shown in Fig. 1. The movable member of the appliance is shown in centric position 
where the movements begin at points marked S. 

In Fig. 2, two paths were traced backward, one in the condylar region on the 
right side and one midway between the condylar region and the incisal guide. 
Point 1 is the starting point of the path, and 2 is the terminal point of the path 
of each tracing. 

The paths were then traced to the front from point 2 back toward point 1 (Fig. 
3). The paths are different, especially the path corresponding to the Bennett 
movement. 

The lateral condylar path is sometimes fixed to the lower member of the 
articulator and is immovable, or it is sometimes fixed to the upper member and is 
movable. In these two instances the path produced in the condylar region is dif- 
ferent. Therefore, different results are obtained for the Bennett movement and the 
lateral paths in the posterior teeth. Fig. 4 shows the model representing the articu- 
lator that has the condylar guide fixed. In Fig. 5, path 1 has been traced. Then 
the condylar guide was changed to the movable member and path 2 was traced 
(Fig. 6). The paths are not only different in direction, but path 2 is curved. This 
imparts an abnormal rotational movement to the movable member. Therefore, the 
locations of the guides on the articulator should not be arbitrary. For correct re- 
sults, nature’s plan must be followed; otherwise, things are more complicated and 
the results are doubtful. 


PROTRUSIVE MOVEMENT 


The paths made by the mandible are considered as primary or guiding paths 
and secondary or resultant paths. The primary paths in protrusive movements are 
the protrusive paths of the condyles and the paths of the lower central incisors. 
These paths for each patient must be fixed to the upper member of the articulator 
in a fixed and constant relation to the upper cast. 


Received for publication May 2, 1958. 
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LATERAL MOVEMENT 


In lateral movement on the horizontal plane, the lateral condylar paths and 
the lateral incisal path are the guiding paths. The Bennett path is considered as 
secondary because the action of the two primary paths gives the correct Bennett 
path for each patient. If the Bennett path was reproduced by means of a special 
control, a large number of interchangeable parts would be needed, and the register- 





Fig. 1. 





Fig. 2. Fig. 3. 


Fig. 1—A model constructed to represent the articulator on the horizontal plane. -C, the 
lateral condylar paths. D, The lateral incisal paths. S, The centric position or starting point of 
the movement. 

Fig. 2.—Paths traced backward imitate the movement of some articulators. 1, The starting 
point of the movement. 2, The lateral position of the movable member. 

Fig. 3.——The paths were traced forward in imitation of the mandibular movement. The 
Movement was begun at point 2 and traced toward point 7. 
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Fig. 4. 





Fig. 5. 


Fig. 6. 





Fig. 4—A model representing the articulator with the condylar guides fixed. The movable 
member is prepared for tracing a path forward in the condylar region on the right side. 


Fig. 5.—Path 1 has been traced, and the condylar guide has been changed to -the movable 
member. 


Fig. 6.—Path 2 has been traced with the aid of the movable member. An abnormal curva- 
ture has been imparted to the path. 
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Fig. 7.—When the angle formed by the guides is less than 180 degrees, the center of curva- 
ture of the movement will be found somewhere in the direction of the arrow C.C. A, the 
condylar guide. B, the incisal guide. C.C., the direction of the center of curvature. 











Fig. 8—When the angle formed: by the guides is more than 180 degrees, the center of 
curvature of the movement will be found somewhere in the direction of arrow C.C. This con- 
dition is unfavorable for the stability of the denture. 
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ing device of the movement and the articulator would have to be more complicated. 
Moreover, a small error in the Bennett control would be magnified in the paths of 
the posterior teeth, whereas a small error in the primary paths would be lessened 
in the Bennett path and the posterior teeth. If we alter the location of the guides, 
the procedure would be much more complicated. The simplest way to reproduce 
the movements is to imitate nature. Therefore, the lateral paths must be fixed to 
the upper member of the articulator. 

In addition to determining the position of the guides, it is necessary to find the 
requirements of the articulator for reproducing all of the range of movements found 
in different individuals, the curvature of the condylar path, the up or down direc- 
tion of the Bennett movement, etc. 

Some investigators have stated that the lateral and protrusive movements reg- 
istered by a stylus and obtained by means of baseplates and a central bearing point 
are not natural movements. The failures obtained in some cases were not due to 
abnormal movements of the patient, but were due to an abnormal interpretation of 
these movements. The paths produced in the posterior teeth were not supplied by 
the patient. 


PRINCIPLES ESTABLISHED 


As a consequence of this study, certain principles or laws may be established 
which must be strictly observed in order to preserve the mathematical precision of 
the mandibular movements. 

1. When the mandible is guided along two straight paths that are not parallel, 
it makes a rotational movement on the plane formed by the paths. 

2. The rotational movement made by the mandible when guided along two 
straight paths that are not parallel is an elliptical movement. 

3. The two paths of each plane that guide the movements of the mandible 
are the abscissa and the ordinate of the movement or the primary guiding paths. 

4. The points guided along the primary paths are the primary moving points. 


~ 


5. The primary paths are always static and related to the cranium. 

6. The primary moving points are always related to the mandible. 

7. The intermediate points found between the primary moving points will be 
secondary points, and they will move in harmony with the primary points. 

8. The secondary moving points will produce secondary paths that are related 
statically and in harmony with the primary paths. 

9. When the angle of the guides or primary protrusive paths is less than 180 
degrees, the protrusive paths of the posterior teeth are segments of curves that have 
the centers of curvature below the paths (Fig. 7). 

10. When the angle of the guides or primary protrusive paths is more than 
180 degrees, the protrusive paths of posterior teeth are segments of curves that 


have the centers of curvature above the paths (Fig. 8). 


SUMMARY 


The effect that the different location of the guides in the articulator has on the 
cusp inclines of the posterior teeth has been studied by means of special appliances 
constructed for this purpose. 
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CONCLUSION 


The position of the guides in the articulator should not be arbitrary. The 
guides must be placed so as to imitate nature closely. The abnormal cusp inclines 
produced in currently available articulators produce frictional stresses during mas- 
tication. These frictional stresses can cause chronic trauma on the ridges and thus 
produce resorption. 

It is evident that a revision of all of the engineering principles used in denture 
construction must be made. Educational methods must be modified to eliminate all 
ideas that suggest the existence of a rotational center somewhere above the occlusal 
plane. Articulators must be redesigned. The occlusal surfaces of the posterior teeth 
must be produced in accordance with the elliptical principle, and this same principle 
will provide us with an exacting technique for placing these teeth in their correct 
position in complete dentures. We may also determine a scientific way for using 
cuspless teeth. Individual curves developed by “‘chew-ins,” with or without central 
bearing points, or curves made with templates, or by any other means are contra- 
indicated because of the geometric characteristics of the mandibular movements. 
The Gothic arch (needle-point) tracing has been most useful, but the tracings must 
be obtained with geometric precision. The appliances for obtaining the maxillo- 
mandibular relations must meet all of the necessary requirements without being too 
complicated or expensive. This may be said also of the articulators. 

Finally, before the construction of dentures is begun, a means is needed to 
determine the functional characteristics of each patient. That is, a diagnosis of 
mandibular movements and a prognosis must be made. Only then can the restora- 
tion be correctly planned. 


Bottivar 21, Desp. 307 
Mexico l, D. F. 








FIXED PARTIAL DENTURES 


LOSS OF VERTICAL DIMENSION: CAUSES AND EFFECTS: 
DIAGNOSIS AND VARIOUS RECOMMENDED TREATMENTS 


ARTHUR F. Scuopper, D.D.S. 
Kansas City, Mo. 


ive OF VERTICAL DIMENSION has to do with the shortening of the maxillomandib- 
ular opening when the teeth are in contact. This should be distinguished from 
a lack of vertical dimension. A lack of vertical dimension occurs in those individuals 
who have malformed dental arches or malposed teeth which were not corrected in 
early childhood by orthodontic treatment. The most common conditions found in 
the latter classification are: (1) the prognathous bulldog appearance, and (2) the 
deep vertical overlap and deep cusp shearing dentitions that have no horizontal 
overlap. 

The increasing of the vertical dimension of occlusion, in either instance, tends 
to create a happier and more comfortable patient, more efficient mastication, and 
a perceptible favorable change in facial contour. It is one service that gives our pro- 
fession the privilege of dispensing additional charm, combined with oral health. The 
proper reconstruction of the teeth will cause false lines of the face to disappear 
permanently and establish a more pleasant symmetrical facial contour. 

Most patients presenting for treatment can be considered as having some degree 
of decreased vertical dimension. This statement should not be interpreted to indi- 
cate that every patient should have complete mouth reconstruction. That is not 
true. Many people have a functional relationship between the maxillae and mandible 
which is comfortable and efficient, but with a slight loss in vertical dimension. 
These individuals would be very unhappy, and their ability to masticate their food 
properly would be destroyed, if any change was attempted. 


CAUSES OF DECREASED VERTICAL DIMENSION 


A few of the causes of a loss in vertical dimension are: abrasion, loss of all 
of the teeth, loss of molar support on either or both sides, and the early loss of six- 
year molars which allows the teeth to drift. 

Abrasion is the wearing away of the occluding surfaces of the teeth, thereby 
causing a shortening of the vertical dimension of occlusion. There are two types 
of abrasion: one is produced by the chewing of tobacco, and the other is produced 
by night grinding of the teeth (bruxism). In the mouth of the tobacco chewer, 
usually all means of identification as to the original cusp height and the amount of 
wear on individual teeth is obliterated. In the instance of wear caused by bruxism, 
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some evidence may be found by careful examination of the study casts that will 
assist in determining the amount of closure suffered. Generally, these patients are 
examined before a complete destruction of the dentition has occurred. 

The edentulous patient suffers a constant change in the vertical dimension, and, 
in order to maintain health, happiness, comfort, and beauty, new complete dentures 
that restore the lost vertical dimension of occlusion should be constructed at regu- 
lar intervals. 

The loss of molar support, either unilateral or bilateral, not only causes a loss 
of vertical dimension, but also causes an asymmetry of the facial contour. When the 
molar loss is unilateral, the muscles of mastication function on one side, while on 
the other side there is only the attempt at function. This produces an overdevelop- 
ment of one side of the face and an underdevelopment of the other side. 

The loss of a first molar at any age has not been a serious consideration in 
the past. However, more destruction of a natural dentition can be generated from 
the postponement of such a replacement than by any other dental neglect. By 
the loss of this tooth, an incredible amount of change takes place throughout the 
dental arch. Costen’s syndrome is most severe and treacherous in patients when 
it is produced by a closure of the vertical dimension because of the loss of a first 
molar. However, this is more apparent when the loss occurs in the lower dental 
arch. 

Another cause for the loss of vertical dimension is mechanics. Such loss can 
be caused by the insertion of a single restoration from time to time or by the re- 
placement of several posterior teeth with fixed partial dentures. Too often, in 
order to satisfy a patient at the time, the restoration is adjusted short of occlusion. 
This is a common fault seen more often with inexperienced dentists. It is always 
better, and much safer, not to make an adjustment at the time a restoration is 
cemented. The indicated adjustments can be made at the next appointment, and 
they are usually more nearly correct if they are made gradually. 


EFFECTS OF DECREASED VERTICAL DIMENSION 


Among the effects of reducing the vertical dimension of occlusion, traumatic 
occlusion must be considered since it is generally present. Such effects as perio- 
dontoclasia, gingival irritation, erosion, and lack of masticating efficiency accompany 
the loss of vertical dimension due to most of the previously mentioned causes. A 
direct effect of a reduction of the vertical dimension is the production of temporo- 
mandibular joint disturbances including partial subluxation and those symptoms 
known as Costen’s syndrome. Some of these symptoms are: impaired hearing, 
noises in the ear, stuffiness of the ear, sinus disturbances, headaches, burning of the 
side of the nose and throat, tenderness of the temporomandibular joint on palpa- 
tion, burning tongue, and vertigo. 

By the reduction of the vertical dimension of occlusion, the meniscus becomes 
damaged and sometimes develops perforations. This creates a “loose” joint which 
cannot be controlled. This lack of control may cause an erosion of the tympanic 
plate and the glenoid fossa, leaving only a thin wall between the condyle, the ear, 
and the dura. It also results in an impingement of the auriculotemporal nerve, a 
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branch of the fifth nerve, and the chorda tympani, a branch of the seventh nerve. 
It is through the injury of these two nerves and their communication with the 
lingual and inferior alveolar nerves that many of these painful effects are produced. 


DIAGNOSIS 


In order to achieve an accurate diagnosis for occlusal reconstruction for a 
patient, the examination should consist of: a complete case history, roentgeno- 
grams of all of the teeth and their supporting structures, roentgenograms of the 
temporomandibular articulation with the mouth both open and closed, accurate 
study casts, interocclusal records, face-bow transfer, and facial measurements. After 
careful study, wax patterns are constructed over the study casts and taken to the 
mouth for further consideration. Low-fusing metal “stops and skids” are con- 
structed and tried in the mouth. The desired amount of vertical opening is estab- 
lished, and the problems and objectives are formulated. Splints are then con- 
structed of some temporary material which can be carried to the mouth to determine 
if that degree of vertical opening will function correctly. 

The most necessary attribute in diagnosis is good judgment. It is not possible 
to reconstruct every dentition arbitrarily in the same manner. 


RECOMMENDED TREATMENTS 


There are various procedures used for restoring vertical dimension, some of 
which have proved to be very successful. In the mouths of patients who have suf- 
fered complete destruction of all identification of their original dental anatomy or 
jaw relationships, the establishment of the teeth on the curved surface described 
by Monson is most successful. The mandibular teeth are restored so that their 
occlusal surfaces conform to a spherical surface with a four inch radius. The center 
of this segment of the spherical surface is in the region of the glabella, and the 
curvature of the surface is concentric with the condyle paths. The upper teeth are 
restored in such a manner that they harmonize and properly occlude with the lower 
teeth. The restorations placed on the teeth of the upper jaw govern the amount of 
vertical opening that is established. 

The occlusal surfaces of the teeth are constructed to conform to the curved 
surface, but the teeth will not necessarily be cuspless. Such an arrangement allows 
complete freedom of the mandible, and also permits a more even distribution of the 
forces of mastication. The final result of this treatment should be an occlusion in 
which the occlusal surfaces of all teeth are on a curve which is concentric with the 
curve of the condylar paths. The occlusal surfaces of the teeth are so developed 
that the application of force is toward a common center, i.e., lines drawn through 
all of the teeth at right angles to their new occlusal surfaces would converge at a 
point which is the center of the curvature. 

A different treatment is often advocated for badly abraded dentitions in which 
each tooth still retains enough of its original anatomy to permit its restoration. This 
consists of the reconstruction of the occlusal surfaces to the original curve of oc- 
clusion. In this instance, the occlusal surfaces of the upper posterior teeth are re- 
stored to their original form. This should produce their original “S” curve align- 
ment. The “S” curve is formed by the median line of the occlusal surfaces of the 
upper posterior teeth, and it corresponds to the path of the condyle as controlled by 
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the glenoid fossa and the articular eminence. After determining the amount of 
increase of the vertical dimension of occlusion desired, the teeth of the lower jaw 
are built up to maintain that height, and to occlude with the new occlusal surfaces 
built up on the upper teeth. 

In this treatment, most of the increase in vertical dimension is accomplished 
by adding to the length of the lower teeth. Exceptional care must be taken to avoid 
any possibility of traumatic occlusion. Applied stress should be distributed equally, 
and the direction of these forces should be administered properly in order to 
strengthen the individual teeth. 

A different form of treatment is called for when there is a deep vertical over- 
lap with insufficient horizontal overlap of the anterior teeth, and where there is 
obvious wear on the lingual surfaces of the upper anterior teeth and on the incisal 
edges of the cuspids. The increase of the vertical dimension is governed by the 
amount of loss from the incisal edges of the cuspid teeth. These teeth are restored 
to their original length and contour. This can be done in a temporary manner and 
used as a guide in the reconstruction of the remaining teeth. The posterior teeth 
suffer very little wear. Therefore, using the cuspids as a guide, the occlusal surfaces 
of the lower teeth are restored to occlude with the upper teeth when the cuspids 
are in contact. 

The increase in the vertical dimension is slight in these instances, but sufficient 
to do a world of good. The vertical overlap is not eliminated but modified, and a 
horizontal overlap is established that will function with the vertical overlap. This 
not only creates a balanced occlusion, but it relieves the trauma that existed pre- 
viously on all of the anterior teeth. 

CONCLUSIONS 

By properly restoring lost vertical dimension, the life of the teeth is prolonged, 
the efficiency of the dental mechanism is increased, many dental diseases are pre- 
vented or corrected, patients become happy and enthusiastic, and the lost facial 
contour, which causes the appearance of advanced age, is restored. However, in 
any treatment employed to correct a decrease in the vertical dimension of occlusion, 
the most meticulous regard must be paid to: narrowing the occlusal surfaces of the 
teeth whose clinical crowns are lengthened, producing harmony between the occlusal 
surfaces of the teeth and the condylar movements, the application of stress on in- 
dividual teeth so it is directed in such a way that contacts are tightened and the 
teeth are strengthened, and a respect for, and a maintenance of, the function of the 
cuspid teeth at all times. 

In the past, many teeth have been ruined by the attempt to increase the verti- 
cal dimension when a promiscuous “‘stilting” of the teeth was the only known treat- 
ment. The promiscuous “stilting” of the teeth is still used even though it is the 
most destructive practice in restorative dentistry. 

It is not true that everyone who suffers a decrease in the vertical dimension 
of occlusion experiences perceptible condylar disturbances. However, it may be 
true that many of the eye, ear, nose, and throat disturbances are aggravated by the 
decrease in the vertical dimension of occlusion. 
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THE GENERATED PATH TECHNIQUE IN RECONSTRUCTION 
DENTISTRY 


Part II. Fixed Partial Dentures 


FREDERICK S. Meyer, D.D.S. 
Minneapolis, Minn. 


r \HE GENERATED PATH TECHNIQUE serves equally well for fixed partial dentures 
as for complete dentures. Similar requirements for harmony between the 
cusps and sulci and other factors exist in both types of reconstruction dentistry. 
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Fig. 1.—Materials used in die construction. A, The preliminary modeling compound im- 
pression is made in a copper band. B, The stone die. C, Baseplate wax is molded around the 
root former, J. D, The final modeling compound impression is made in an individual abutment 
tray. The metal button is retained to aid in removing the impression. E, Baseplate wax forms 
a matrix for the root end of the amalgam die. F, The impressions are invested in a tapered 
ring for amalgam die construction. G, The die in the impression. H, The amalgam die. J, The 
individual tray is repositioned on the abutment tooth for the plaster impression. 


However, the methods and procedures of construction vary with the particular 
prosthesis. This article will discuss the use of the generated path technique in fixed 
partial denture construction. 


Given as a Limited Attendance Clinic before the American Denture Society, Miami, Fla.. 
Nov. 3, 1957. 
Received for publication Nov. 3, 1957. 
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ABUTMENT IMPRESSION PROCEDURE 


Preliminary modeling compound impressions in copper bands are made of each 
of the prepared abutment teeth (Fig. 1, 4) and stone dies are constructed (Fig. 
1, B). Wax patterns are formed on each stone die, and individual abutment 


Fig. 2. 


Fig. 3. 


Fig. 4. 





Fig. 2.—A plaster impression is made in the patient’s mouth with the individual abutment 
impression trays in place on the abutment teeth. 

Fig. 3.—The dies are reseated in the impression. 

Fig. 4.—The dies are related correctly in the stone cast. 
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Fig. 5. 


Fig. 6. 


Pig. is 





Fig. 5.—A wire face-bow is embedded in the low-fusing temporary restoration. 

Fig. 6.—The wire face-bow is adjusted on the articulator which represents the patient. 

Fig. 7.—The cast is mounted correctly on a plane line articulator by means of the wire face- 
bow which contacts a rod running through the hinge axis of the instrument. 
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Fig. 9. 


Fig. 10. 





Fig. 8.—A record of the opposing teeth is made in the mouth in modeling compound. 
Fig. 9.—The modeling compound cuspal path is ready for the generating wax. 
Fig. 10.—The wax cuspal path is developed in the patient’s mouth. 
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trays are reproduced from the patterns in “K’’ metal. Space is created within 
these trays to provide room for impression materials. The final impressions of the 
abutment teeth are made in modeling compound in the individual “K” metal trays 
(Fig. 1, D). Impressions so developed are accurate and cannot be distorted. 


DIE AND CAST CONSTRUCTION 


Baseplate wax is molded around each final impression to form a matrix for 
the root end of the die (Fig. 1, EF). Each impression is then invested in plaster in 
a heavy tapered bronze ring (Fig. 1, F), and amalgam dies are constructed. The 





Fig. 11.—The stone cuspal path is mounted on the articulator. 


root ends of the dies are heated in very hot water, and the dies are removed quickly 
from the impressions without distorting the impressions (Fig. 1, G and H). The 
individual abutment impressions are then reseated on the abutment teeth in the 
patient’s mouth, and a plaster impression that includes the edentulous ridge and 
the abutment teeth is made (Fig. 2). When set, the plaster impression is removed 
from the patient’s mouth; the amalgam dies are reseated into the individual abut- 
ment trays; the impression is boxed (Fig. 3); a cast is poured in artificial stone 
(Fig. 4). The amalgam dies are now correctly related to one another and to the 
upper teeth. 


MOUNTING THE CASTS 


A clay mold is built up around the gingival ends of the dies, and a wire face- 
bow is laid on the mold (Fig. 5). A low-fusing metal (Dee 140) restoration is 
poured over the dies embedding the wire face-bow. This temporary restoration is 
seated in the patient’s mouth, and the wire face-bow is adjusted to contact the face 
in the region of the condyles (Fig. 6). The temporary restoration is removed from 
the mouth, and the cast is mounted on a plane line articulator (Fig. 7). 








sy 
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Fig. 12.—The facings are aligned on the articulator. 
Fig. 13.—The facings are realigned for esthetics in the patient’s mouth. 
Fig. 14.—A plaster matrix is poured over the buccal surfaces of the facings. 











J. Pros. Den. 
438 MEYER May-June, 1959 


Softened modeling compound is added to the occlusal portion of the low-fusing 
metal temporary restoration, and it is seated back into the patient’s mouth. The 
patient is instructed to close the teeth into centric occlusion, and a record of the 
occlusal surfaces of the opposing teeth is made in the modeling compound (Fig. 8). 


Fig. 15. 


Fig. 16. 





Fig. 17. 





Fig. 15.—The occlusal surfaces of the pontics are reduced to allow space for gold. 
Fig. 16—A matrix is poured against the root portions of the lingual surfaces of the pontics. 
Fig. 17.—The pontics are waxed and carved to the stone path. 
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The excess modeling compound is removed from the buccal and lingual surfaces 
but the central ridge is retained, and a flat modeling compound cuspal path is made 
ready for cusps and sulci analysis.1. Such an analysis is made in the patient’s 
mouth, and the necessary corrections on the occlusal surfaces of the teeth and on 
the modeling compound cuspal path are made (Fig. 9). The modeling compound 
cuspal path is then covered with generating wax to the level of the compound 
ridge; the temporary restoration is replaced in the mouth, and the patient is in- 
structed to make lateral and protrusive movements of the mandible. Thus, a 
finished wax cuspal path is developed (Fig. 10) in the same manner as it is for 
complete dentures. 


e 





Fig. 18. Fig. 19. 


Fig. 18.—The finished fixed partial denture is in place on the articulator. 
Fig. 19.—The finished fixed partial denture is in place in the patient’s mouth, 


The wax cuspal path on the temporary restoration is reseated carefully on the 
dies, boxed, and poured in stone. The resulting stone cuspal path is in the correct 
relation to the dies, maintains the selected vertical dimension of occlusion, and 
serves as a guide in carving the occlusal surfaces of the pontics (Fig. 11). 


FINISHING THE FIXED PARTIAL DENTURE 


A baseplate and wax trial fixed partial denture reinforced with wire are con- 
structed. The facings are aligned on the articulator (Fig. 12). This wax restora- 
tion is tried in the mouth for esthetics, the facings are realigned (Fig. 13), and it is 
placed back on the articulator. A plaster matrix is poured over the buccal surfaces 
of the facings to maintain them in the correct relation to one another. A ball of 
soft carding wax is placed over the matrix to hold it in place while the root tips 
are ground to position (Fig. 14). 

The facings are ground to the proper distance from the stone cuspal path to 
allow for the protection of the occlusal surface with gold (Fig. 15). The root tips 
are baked and adjusted to the ridge, and a matrix is poured against them on the 
lingual surface (Fig. 16). The facings are thus held firmly in position while the 
individual pontics are waxed to the stone path (Fig. 17). 


The occlusal surface of each pontic is developed by adding a small excess of 
softened wax and closing the articulator after coating the stone path with a lubri- 
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cant to permit separation. The abutment restorations and pontics are cast, as- 
sembled in hard wax, invested, and soldered.” 

If all procedures have been completed correctly, the finished fixed partial 
denture will fit the dies on the articulator with no tension or distortion (Fig. 18). 
It will fit the patient’s mouth in a similar manner (Fig. 19), and correct balanced 
occlusion and function are insured. 


REFERENCES 


1. Meyer, F. S.: The Generated Path Technique in Reconstruction Dentistry; Complete 
Dentures, J. Pros. DEN. 9:354-366, 1959. 

2. Meyer, F. S.: The Elimination of Distortion During Soldering, J. Pros. Den. 9:441-447, 
1959. 
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THE ELIMINATION OF DISTORTION DURING SOLDERING 


FREDERICK S. Meyer, D.D.S. 


Minneapolis, Minn. 


-. YEARS AGO banded and open-faced crowns with backings soldered to 
the platinum pins of the facings were in general use. These crown and porce- 
lain facings with soldered backings were invested and soldered together with gold 
solder. The shrinkage and distortion of those fixed partial dentures were terrific, 
but the dimensional changes did not bother the dentists then as much as they do 
today because the abutment restorations were made of soft 22 k gold. Therefore, 
these restorations could be reshaped with a pair of pliers to “fit” almost any abut- 
ment tooth. Today, the cast gold abutment crowns cannot be reshaped. At that 
time, we were interested only in centric relation as far as function and occlusal 
balance were concerned because that was all that we were taught to start with and 
all we hoped to achieve. 

If there were occlusal interferences with the opposing teeth (and there always 
were) in the lateral excursions, we eliminated the interferences by reducing both 
the opposing teeth and the gold protecting the facings. These interferences were 
always expected, not only because of our meager knowledge of occlusal balance 
and function but also because of the distortion and shrinkage of the fixed partial 
denture during soldering. These distortions have plagued the profession up to 
this time, and although some things have been done in later years to try to im- 
prove function, they have not helped much because of these distortions.? 

Since the elimination of the tension or distortion that occurs during the solder- 
ing of a fixed partial denture is one of the main keys to its comfort, I feel that my 
solution to this problem will be of help to the profession and will improve the 
stability, permanence, and comfort of the restoration. 


THEORIES OF THE NEW SOLDERING TECHNIQUE 


There are only two places in fixed partial denture construction where anything 
can happen that will cause the distortion that results from soldering. The distor- 
tion can take place in the solder joint or in the handling of the investment or in 
both. 


THE SOLDER JOINT 


Neither the gold crowns nor the pontics ever change in shape or size as the 
result of soldering. They all return to the same shape individually after cooling. 
Given as a Limited Attendance Clinic before the American Denture Society, Miami, Fla., 


Nov. 3, 1957. 
Received for publication Nov. 3, 1957; revised Nov. 4, 1958. 
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Apparently, the only thing then that could cause the distortion in the joint would 
be the shrinkage of the solder. This was thought to be the main cause of distortion. 

As the invested fixed partial dentures were being heated, the crowns and the 
pontics had to become hot enough to reach the melting point of the solder or a 
little hotter before the union with the solder could take place. As long as the 
solder was in a molten state, it could produce no tension on the crowns or pontics. 
From the moment it solidified, it simply filled the spaces between the abutment 
castings and the pontics. Therefore, there could be no tension produced during 
solidification unless the coefficient of expansion of the solder was greater or less 
than that of the gold in the castings. 

This was the theory which had to be proved, and even if I could do a perfect 
job of soldering by improving my handling of the investment, I still could not be 
sure that the theories were proved to be correct. 





Fig. 1—The wax pattern left exposed to the air will distort because of uneven air tem- 
peratures. The one in the bottle will not. 


HANDLING THE INVESTMENT 


If heat were being applied to an invested fixed partial denture, either by a 
blowpipe or a Bunsen burner, or both at the same time, the heat could not be 
diffused evenly to all parts. The distortion of the investment, because of the un- 
even application of heat, would show up in the soldered restoration as a tension or 
a distortion. 

This distortion is analogous to the distortion of a wax pattern that occurs 
when it is left where currents of air at different temperatures may strike it at 
different points. If the pattern is sprued in a cork and sealed in a glass jar, it could 
remain without distortion indefinitely (Fig. 1). It is not the amount of heat or 
cold that causes the damage as much as it is the rate of application and the un- 
evenness of its dispersion. For similar reasons, there should be no sudden change of 
temperature of the investment of an invested fixed partial denture. 


A porcelain furnace can be used to properly heat the investment evenly and 
slowly to the desired temperature. It will raise the temperature of the investment 
from room temperature to 1,500° F. or 1,600° F., with even heat to all parts at 
all times. 
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Fig. 2. 


Fig. 4. 





Fig. 2.—The invested restoration is preheated in a porcelain furnace to approximately 
1,500° F. before soldering. 

Fig. 3.—Soldering is done with a blowpipe on a preheated soldering block. 

Fig. 4.—The three tooth fixed partial denture fits the die accurately. 
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PROOF OF THEORIES 


To test these theories, a set of amalgam dies mounted in stone was prepared 
so as to make a more difficult problem by paralleling the margins and by sinking 
one extension of the test casting into the “root” of one of the abutments. The 
abutment crowns were waxed up and cast in gold and then seated accurately 
on the dies without any adjustment. The pontic was cast in gold, assembled, and 


Fig. 5. Fig. 6. 





Fig. 7. Fig. 8. 


Fig. 5.—A complete mouth fixed denture fits the porcelain abutment teeth on this vulcanite 
model accurately. 

Fig. 6.—A 14-tooth restoration with 13 soldered joints and with the casting sprues attached 
fits the porcelain abutment teeth without adjustment. 

Fig. 7—The model used to simulate fixed partial denture construction for a patient. 

Fig. 8.—The completed fixed partial denture fits the dies with no adjustments. 


waxed to place between the abutment castings on the dies, and invested. The in- 
vestment containing the castings was heated in a furnace to about 1,500° F. (Fig. 
2), and then it was placed on a previously heated soldering block and soldered 
with a blowpipe (Fig. 3). The resulting fixed partial denture was the most accu- 
rately fitting restoration of that type that I had ever soldered (Fig. 4). 
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Fig. 9. 


Fig. 10. 


Fig. 11. 





Fig. 9.—The crowns are assembled with wax to test the effect of soldering when. spaces 
exist between the parts to be soldered. 

Fig. 10.—The parts are invested. Note the spaces between the molar crown and the 
pontic. 

Fig. 11.—The soldered appliance fits the dies, and there is no evidence of distortion or 
tension. 
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To further test the theories, a complete arch fixed denture was constructed 
to fit six abutment teeth attached to a vulcanite model. The six abutment crowns 
and the eight pontics were waxed up separately and assembled on the vulcanite 
model and then invested. The investing and soldering were done in a manner 
similar to that used for the three tooth test appliance. Without any adjustment, it 
went to place accurately on the porcelain abutments on the vulcanite cast (Fig. 5). 

The same procedure was repeated. This time each abutment crown and pontic 
was cast separately, assembled, and a part of a sprue was left on each casting. It 
was then invested and soldered. No adjustment was made on any casting, either 
after the individual castings were made or after the completion of soldering (Fig. 
6). The same facings were used for these test restorations without any adjust- 
ments on any of the gold backings. The assembled fixed partial denture fitted the 
model accurately. 





Fig. 12. Fig. 13. 


Fig. 12.—The gold ingot is cut so as to leave a V-shaped opening between the parts to 
test the soldering of a triangular joint. An impression is made of the two halves, Note the 
holes made to index the location of the two parts. 

Fig. 13.—The soldered pieces fit the cast accurately. 


I was still not satisfied because the restorations were seated on the porcelain 
abutments on which they were waxed and not on dies out of the mouth before 
being transferred to abutment teeth in the mouth. It could not be carried out for 
a patient in that manner. 

Therefore, a reconstruction case was selected to serve as a patient (Fig. 7). 
An upper right fixed partial denture was constructed for the same dies on a 
stone cast. The completed appliance was transferred back to the original dies on 
the model with no adjustment (Fig. 8). 

There were still some more things to be checked in order to be sure of my 
theories in practice. An answer was needed to the question of what would happen 
if a very large open solder joint or a triangular joint existed between the crowns 
and the pontics. To find the answer, a fixed partial denture that had a space of 
1.0 or 2 mm. between the molar crowns and the pontic was soldered. 
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The crowns and pontics of such an appliance were assembled with wax on the 
dies (Fig. 9) and invested (Fig. 10). It will be noted on Fig. 10 that the fixed 
partial denture was invested so that the soldering would be done from the occlusal 
side of the restoration. There are several reasons for this. First, the heat from 
the blowpipe can be transmitted more directly to the bulk of gold. Second, there 
is less danger of burning or melting the delicate margins by trying to force excessive 
heat through the investment. Protecting these margins is very important. Third, 
there is less danger of gold solder flowing over the margins. The investment used 
is a mixture of 25 pounds of King’s Dental Plaster, 60 pounds of Silex No. 140 
mesh, and 1 tablespoonful of burnt sienna. 

The soldered appliance was reseated on the dies, and it fitted accurately with 
no tension or distortion (Fig. 11). However, the occlusion with the opposing 
teeth was interfered with because of moving the pontics closer together in order 
to obtain a larger space for testing purposes. In a similar way the distortions 
would have occurred if the fixed partial denture had been soldered by the tech- 


nique in common usage. 


SOLDERING A TRIANGULAR JOINT 


It is possible to solder a joint in the form of a triangle without producing any 
tension or distortion. An ingot of Spyco gold was cut in the middle at an angle, 
and one end was turned upside down. This left a V-shaped opening between the 
two parts of the ingot. A slightly tapered hole was cut in each part, and the parts 
were waxed together on a lubricated glass slab and set into some freshly mixed 
stone (Fig. 12). When the stone had hardened, it was scraped from the upper 
surface to the edge of the gold ingot. The waxed pieces of gold were then removed 
from the stone, invested, and soldered. The soldered pieces were reseated into the 
original mold and fitted accurately (Fig. 13). 


SUMMARY 


A method of preventing distortion from soldering operations has been de- 
scribed. The uniform preheating in a porcelain furnace of the invested parts of a 
fixed restoration has been shown to eliminate the errors which result from uneven 
blowpipe or Bunsen burner preheating. 
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PITS ON INNER SURFACES OF CAST GOLD CROWNS 


Kamat Ascar, M.S., ano Fitoyp A. Peyton, D.Sc. 
University of Michigan, Ann Arbor, Mich. 


eo PRESENCE OF PITS and voids on the inner surface of dental gold castings 
is a problem with which everyone who makes castings is familiar. A literature 
survey showed that in the past comparatively little attention was given to this 
phase of casting. Souder! offered an explanation for some of the incomplete cast- 
ings. According to this author, failure of the mold to fill completely may result 
from a back pressure caused by rapid vaporization of foreign material in the 
cavity. Incompletely eliminated wax, flux spilled or blown into the cavity, or 
moisture from insufficiently heated molds generate gas and vapor when hit by 
the molten alloy. The volume of gas and vapor generated will be too great to pass 
through the investment before the alloy solidifies. Crawford? described three dif- 
ferent types of porosity, namely, freezing porosity, porosity due to occluded gases 
and due to inclusion of investment. Crawford recommended either the use of short 
and bulky sprues or the placing of a reservoir larger than the adjacent portion of 
the inlay into which the sprue is inserted. Brumfield? also has a very similar 
primary classification: shrinkage porosity, porosity due to occluded gases and due 
to absorbed gases. As secondary causes of porosity and pitting, he mentions porosity 
due to steam resulting from incomplete burnout of the mold and porosity resulting 
from mixing the molten gold with foreign materials such as flux, carbon, and in- 
vestment particles. Brumfield recommended inserting a wax rod into the core of 
the investment when investing the pattern. In this way, gases could leave the cavity 
in a short time, and castings would be free of pits. Phillips has studied the same 
phenomena, and according to his results, this type of porosity is more evident in 
centrifugal casting than in air-pressure casting. He also was able to obtain a com- 
plete and dense casting in the centrifugal machine with long sprues with only one 
half the number of turns that are required with a short sprue. Coleman,°® Taylor,® 
Shell,” and others have recommended that by selecting the proper sprue gauge and 
length some of the porosities of gold castings could be eliminated. Ryge, Kozak, 
and Fairhurst® also studied internal porosities of gold alloys. 

Recently, Sturdevant® has completed a study on “Porosity in the Full Cast 
Crown,” and according to his results, no back-pressure porosity occurred when 
the Cristobalite investment was used. He also found that sprue direction and gauge 
have no effect on “back-pressure”’ porosity, but larger gauge sprues cause “shrink- 
spot” porosity. 


Presented before the Dental Materials Group of the International Association for Dental 
Research, Atlantic City, N. J., March, 1957. 

This study was supported by a grant from the Office of Naval Research, contract No. 
NR-180-360, to the University of Michigan, School of Dentistry. 

Received for publication Aug. 7, 1958. 
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INNER SURFACES OF CAST GOLD CROWNS 


In the study to be described, a somewhat different approach was taken. No 
attempt was made to differentiate between the different kinds of porosity which 
may occur in dental gold castings. However, there is an attempt to recommend 
a manner to eliminate pits and voids on the inner surface of gold castings regard- 
less of their nature and kind. Most of the work was done with investments designed 
for the hygroscopic water-added technique. However, the principles are probably 
the same, and the results might be applicable to any hygroscopic or high-heat 


technique. 


PROCEDURE 


In a few preliminary experiments it was realized that, in general, bulky full 
crowns on bicuspids showed pits on their inner surface more often than other types 
of preparations. Therefore, a full crown preparation on a bicuspid was duplicated 
and used throughout this investigation. Since this type of defect occurs most often 
in the bicuspid crown, it is assumed that the principles that apply to correction in 
this type of casting will apply to others as well. 

A total of more than 500 castings were made under different conditions. In 
all of these castings type B gold, melted by blowtorch, was cast into molds of 
850° to 900° F. Sprue gauge, length, direction, single and double Y-shaped sprue, 
flaring of the sprue, pressure on the casting machine, and the amount of gold used 
were studied. By altering these variables, about 50 different conditions were con- 


sidered. 


Sprues used were either single or double Y-shaped; they were either 18, 14, 
or 10 gauge and had 2, 5, or 10 mm. of length. On their attachment to the wax pat- 
tern, they were either flared or nonflared. The horizontal-type centrifugal spring- 
driven machine with broken arm, wound either 3 or 4 turns, was used to make the 
castings. A representative casting of each series was chosen and photographed. 


RESULTS 


Back-pressure porosity, described by some other investigators, is probably 
one of the main factors for the appearance of pits and voids on the inner surface 
of gold inlays. It is, however, not the only factor to be considered. The cooling 
rate of the molten gold and the manner of its entrance into the cavity also may 
have some effect on the presence of these pits. With a mold temperature of 1,300° F., 
gold remains in a molten condition for a slightly longer period of time than with 
a mold temperature of 900° F. Therefore, under a given condition with any high- 
heat technique, there is a better chance for the gold to fill the cavity completely be- 
fore solidification than with the low-heat or hygroscopic techniques. However, 
even with the hygroscopic technique, the gold would remain in a molten condition 
long enough to fill the cavity completely, provided the molten gold is sufficiently 
heated and properly directed. The direction of sprue, as well as its flaring, is espe- 
cially important with hygroscopic techniques. The sprue should be directed in such 
a manner that the molten gold could fill the mold in the shortest possible time. 

In Fig. 1 is shown the inner surface of the crown casting and the manner of 


its spruing. As can be seen, the sprues in this series have been flared at the attach- 
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ment to the wax patterns. The castings were made with 6 pennyweights of gold, 
3 turns on the casting machine, and a 14 gauge, 5 mm. long sprue. The inner sur- 
face of these crowns was routinely free of any voids and pits. 


Fig. 1. 





Fig. 2. 


Fig. 1—A crown relatively free of voids and pits. 
Fig. 2.—A crown showing a tendency for pits on the inner surface. 


Fig. 2 shows a similar crown. The same amount of gold, number of turns on 
the casting machine, and sprue gauge and length were used in this series. The only 
difference between these two series is the fact that in the first series the sprues 
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were flared, and in this series they were not flared. Seven out of eight castings 
made in this manner had pits on their inner surface. 

Similar results were obtained whether single or double Y-shaped sprues were 
used. Fig. 3 shows a typical Y-shaped sprue with flaring on both sides; the cast- 


Fig. 3. 





Fig. 4. 


Fig. 3.—A Y-shaped and flared sprue attachment. 
Fig. 4.—A Y-shaped sprue with only one side flared. 


ings of this series were free of voids. Fig. 4 shows a Y-shaped sprue with only 
one side flared. Five out of eight castings of this series had only one pit under the 
nonflared side and the other three were free of any voids. 
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Whenever pits appeared due to any reason at all, they were smaller in size 
with flared sprues than with nonflared sprues. Figs. 5 and 6 represent two series 


Fig. 5. 





Fig. 6. 


Fig. 5.—The effect of a long, small-diameter nonflared sprue. 
Fig. 6.—The effect of a long, small-diameter flared sprue. 


of castings. In both series a sprue of 16 gauge, 10 mm. length, and similar direc- 
tions were followed. The only difference was in flaring of the sprues. As can 
be seen, the void in Fig. 5 is much larger than the one in Fig. 6. 
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In general, the probability of having a pit would increase whenever the sprue 
length decreases. As was explained by other investigators, this might be due to 


Fig. 7. 





Fig. 8. 


Fig. 7.—A nonflared, short sprue showing pits on the inner surface. 
Fig. 8.—A short sprue with a flare showing no pits or voids. 


an increase in the back pressure created in the investment. Four series of castings 
were made using 6 pennyweights of gold for each crown. In all four series, sprues 
were 16 gauge and 2 mm. long. Fig. 7 shows a nonflared sprue with pits on 
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the inner surface of the crown. Fig. 8, on the other hand, shows a flared sprue 
and no pit on the inner surface of the crown. In these two series, the casting ma- 
chine was wound four turns. In the other two series, the casting machine was 
wound only three turns instead of four, but the same sprue of 2 mm. length and 
16 gauge was used. Two of the 8 castings made with a flared sprue under the 
conditions just mentioned had pits on their inner surface, and the remaining 6 
were pit free. A total of 12 castings with nonflared sprues were made under the 
same conditions as above. Only 9 out of 12 castings in this series had pits on their 
inner surface. The inner surface of the remaining crowns was free of any voids, 
but a large void appeared on their sprue button, as shown in Fig. 9. It seems that 
in this case, due to low pressure of the casting machine, the back pressure created 
in the mold was very high and some gases did escape from the gold entrance side. 
Depending on the solidification time of the gold, these gases might be caught either 
on the crown structure or on the sprue button. 





Fig. 9.—A short sprue with no flare, using low pressure during casting, showing an 
excessive void in the sprue button. 


Some of the pits and voids resulting from the use of the hygroscopic technique 
probably could be eliminated if somewhat larger amounts of gold were used than 
is needed in the high-heat technique. Larger amounts of gold would not only in- 
crease the pressure of the casting machine for a given number of turns but also 
would keep the gold in the molten condition on the sprue button for a longer period 
of time. In this way, during solidification of the crown, it could be fed better from 


its sprue. 
DISCUSSION 


It is a misconception to think that whenever the sprue is flared there will be 
no voids on the casting and that nonflared sprues will always produce pits on the 
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crown castings. The probability of having a pit, however, will be reduced when- 
ever the sprue is flared. The effect of flaring is more noticeable in the borderline 
cases. For example, if a full-crown pattern with proper sprue gauge, length, and 
direction, in addition to using enough well-melted gold and winding the casting 
machine three or four turns, is cast with a high-heat technique, the probability 
of having pits is rather small, regardless of whether or not the sprue was flared. 
However, when hygroscopic and low-heat wax elimination techniques are used 
and the casting machine is wound only three turns even though the proper sprue 
gauge, length, and direction are employed, the probability of obtaining pits will 
increase. In such a case flaring becomes very important. As is shown, seven out 
of eight castings made with only three turns on the casting machine had pits and 
voids. Although in these castings proper sprue gauge, length, and direction were 
used, the sprues were not flared. Better results obtained with flaring of the sprue 
might be due to one or both of the following reasons: (1) Flaring may act as a 
small reservoir placed very close to the wax pattern, which may help to eliminate 
some of the voids. (2) By flaring the sprue, molten gold can enter the mold easier 
instead of squirting on one spot which may cause some temperature increase on 
the investment inside the crown. If and when such a situation takes place, the gold 
next to the higher temperature investment may stay in the molten condition too 
long. Thus, the sprue may freeze before the inner crown portion solidifies and 
shrinkage may occur on the inner surface of the crown. Somewhat larger quantities 
of gold usually yield better results than too small a quantity of gold. 


SUM MARY 


A total of over 500 castings were made with the hygroscopic water-added tech- 
nique. In these castings studies were made of the sprue gauge, length, and direc- 
tion, single or double sprues, pressure of casting machine, amount of gold, and 
flaring of the sprues as they affect the appearance of pits and voids on the inner 
surface of gold crowns. It was found that, in general, pits and voids would appear 
more often in bicuspid full crowns than in other types of single castings. Increas- 
ing the casting pressure, amount of gold, and sprue diameter (up to a certain 
point) and employing proper sprue direction and length tend to reduce the num- 
ber or eliminate completely these pits. Flaring of the sprue is as important as any 
other factor just mentioned. Flaring of the sprue may act in the same way as 
placing a small reservoir very close to the wax pattern, and/or it may facilitate 
the flow of molten gold into the cavity. In either case it will help to eliminate 
some of the pits and voids that appear on the inner surface of gold castings. 

Since this laboratory study was made, extensive clinical experience in the 
University of Michigan, School of Dentistry clinic, by junior and serior dental 
students, gives further support to the results obtained from this investigation. 
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A GOLD CROWN WITH A CIRCUMFERENTIAL PLASTIC VENEER 


A. H. Tamarin, D.D.S. 
Chicago, Ill. 


y, ieee GOLD CROWN with a circumferential plastic veneer is indicated in the pos- 
terior region of the mouth when strength and esthetics are desired and where 
the vertical dimension must be preserved. This crown is completely covered with 
acrylic resin except upon the occlusal surface. The occlusal surface and a thin cop- 
ing are made of a hard gold and are cast in one piece. The coping forms the under- 
lying structure of the crown and covers the entire prepared tooth. The coping 
should be made thin while the occlusal surface should be at least 1.0 mm. thick. 





TECHNIQUE OF CONSTRUCTION 


The tooth to be restored is prepared for a full coverage restoration in the usual 
manner. An impression of it is made in a copper band, and a stone die is poured 
(Figs. 1 and 2). After the stone has set hard, it is soaked in water. 

The wax pattern for the coping is produced by dipping the preparation part 
of the wet stone die into molten wax and withdrawing it instantly and trimming 
the wax to the gingival outline (Fig. 3). The stone die with its wax coping is placed 
upon the articulator (Fig. 4). The wax cusps are molded separately and are added 
to the occlusal surface of the wax coping. Due to the truncated cone shape of the 
preparation and the wax coping, the occlusal surface and the cusps form an exten- 
sion in the form of an umbrella all around the coping (Fig. 5). The wax crown 
pattern is properly adjusted on the stone die, and wax sprues are attached to it. 
The sprues are attached to each of the four surfaces of the exposed part of the wax 
coping and to the margins of the occlusal part of the pattern (Fig. 6). The crown 
pattern is removed from the stone die, invested, and cast in gold. The sprues are 
cut away so that slight elevations are retained on each side of the outer surface of 
the gold coping. These elevations are undercut slightly to serve as an anchorage for 
the acrylic resin veneer (Fig. 7). The form of the gold coping with a taper toward 
the occlusal surface also provides retention for the acrylic resin veneer. 

The coping is covered with an opaque resin (Fig: 8), and the wax pattern for 
the acrylic resin veneer of the proximal and buccal and lingual surfaces is built up 
(Fig. 9). The crown is invested in a small flask, and the acrylic resin veneer is 
processed onto it (Fig. 10). 





Received for publication June 19, 1958. 


Ce ae 


GUSIES IS FyETe Tes 





5 “AMARIN J. Pros. Den. 
= a May-June, 1959 





Fig. 1. 


Fig. 2. 


Fig. 4. 








Fig. 1—A stone die is formed in a copper-band impression. 


Fig. 2.—The stone die. 
Fig. 3—The wax coping is formed by dipping the wet die into molten wax and withdrawing 


it instantly. 
Fig. 4.—The stone die with its wax coping is placed upon the articulator and wax cusps built 


up on it. 
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Fig. 10. 


Fig. 5—The completed wax pattern for the gold casting. 

Fig. 6.—The sprues are attached to the coping and to the margins of the occlusal surface 
pattern. ; 

Fig. 7—The sprues have been removed, and the sprue stubs have been prepared for the re- 
tention of the acrylic resin veneer. 

Fig. 8—The buccal, lingual, and proximal surfaces are covered with an opaque resin. 

Fig. 9—The wax pattern for the veneer is formed over the opaque surface of the coping. 

Fig. 10.—The crown is invested and the veneer is processed. 

Fig. 11.—The completed crown with a gold occlusal surface and a plastic veneer on the other 
surfaces. 
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The completed crown (Fig. 11) has the advantages of an all gold restoration 
but with greatly improved appearance. The gold occlusal surface fulfills all re- 
quirements for permanence of form and abrasion resistance, and the plastic veneer 
makes the crown esthetically acceptable. 
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OPERATIVE DENTISTRY 


CUTTING RESISTANCE TESTS OF DIE MATERIALS 


Stic G:son OstLunp, M.S.D., Opont. Dr.* 
The Royal Dental School, Malmé, Sweden 


." SURFACE HARDNESS of cast materials has usually been measured by con- 
ventional means, using the Brinell, Rockwell, and Knoop hardness testers. 
Mahler,’ who investigated hardness properties of gypsum materials, used a large 
penetrator consisting of a one-half inch steel ball and a light load of 15 kg., a com- 
bination which he considered to be the most practical for the gypsum materials 
tested. He found the surface hardness of dental stones fluctuated between 60 and 85 
R.H.N. (Rockwell hardness number), depending on the water content. 

Peyton and his colleagues? used the same apparatus as Mahler for measuring 
the surface hardness. They found that Duroc gave an R.H.N. of 78.8 after one hour 
and 91.8 three days after the artificial stone had set. 

Skinner and Gordon? used a Knoop tester and reported that if the stone was 
allowed to set against a glass surface, a K.H.N. (Knoop hardness number) of 51.8 
was obtained. However, if the artificial stone was allowed to set in an impression, its 
surface hardness was definitely reduced (K.H.N. of 29 to 33). 

Fusayama,*t who worked with a Brinell tester, used a steel ball 5 mm. in 
diameter under a load of 10 kg. for 45 seconds. He investigated plasters, phos- 
phosilicate cement, zinc phosphate cement, copper amalgam, and silver-tin amalgam 
and found that “hydrocal has the least surface hardness of all die materials now in 
use.” He gave no exact figures, but according to his diagrams hydrocal should have 
a B.H.N. (Brinell hardness number) of 12 to 15. 

Axelsson and associates®® emphasized the importance of taking the elastic prop- 
erties of materials into consideration when using a Brinell hardness tester. The 
time of loading and unloading has to be noted. 

It is doubtful if the determination of surface hardness as determined by Brinell 
hardness testing is an adequate assessment of the value of materials to be used as 
dental dies. The clinical damage incurred on these dies, especially in connection 
with the carving of wax patterns, is caused by forces of the nature of abrasion or 
cutting rather than by indentation with a blunt instrument. 

The purpose of this work is to suggest an experimental apparatus which, in a 
more exact way, makes a comparison between different die materials by abrasion of 
the specimens. 


Received for publication June 9, 1958; revised by the author Dec. 1, 1958. 
*Professor, Department of Prosthetics. 
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The following die materials were used in this investigation: (1) amalgam alloy, 
(2) Duroc (The Ransom & Randolph Co., Toledo, Ohio), (3) Vel Mix (Kerr 
Mfg. Co., Detroit, Mich.), (4) Cristobalite (Kerr Mfg. Co., Detroit, Mich.), and 
(5) PermaRock (Permadent Products, New York, N. Y.). 


APPARATUS 


The requirements of an apparatus for abrasive testing of die materials are: (1) 
The cutting power of the abrasive medium shall not be reduced during the tests. 
(2) The amount of the cutting shall be observed quickly by several measurements 
of the same specimen. (3) The abrasive speed must be the same in all tests and 
very low so that the cutting does not give the character of a blow. (4) The speci- 
men must not be subjected to greater frictional heat than would arise during the 
usual working of the die. 





Fig. 1—A facet is abraded on the test die by an industrial diamond. 


In order to avoid blunting of the edge on the abrasive instrument during the 
tests, an industrial diamond in the shape of a straight, sharp edge was chosen (Fig. 
1). This diamond is fixed on a carriage rolling with a minimum of friction on ball 
bearings (Fig. 2). 

The specimens are cast into rubber base material impressions of a stainless 
steel master die (Fig. 3). The die is made in the shape of a frustum of a cone 
5.6 mm. high. The “occlusal” part of the cone has a diameter of 7.0 mm., while 
the base of the cone is 9.7 mm. in diameter. A “cervical bevel” indicates the 
beginning of the “handle” of the die. This shoulder helps to fix the test die in a 
screw piece (Fig. 4) which is put on the axis of a low speed electric engine (5 
r.p.m.) (Fig. 2). Another larger shoulder serves as a stop for the copper band 
when the impressions are made. 
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A coil spring, working with a force of 125 Gm., secures the carriage on which 
the abrasive diamond is fixed and maintains a uniform pressure when the diamond 
is in contact with the specimen. The spring can be removed easily when the ap- 
paratus is not in use, so that its elastic force will not decrease during the test. 





Fig. 2—The diamond is mounted on a carriage rolling on ball bearings. The carriage is 
pressed against the die by a coil spring. 








Fig. 3.—Impressions made in rubber base material of a stainless steel master cast served 
as a means for obtaining test dies. 


After the test die is made, it is mounted in the screw piece, and a pencil mark 
is made to indicate where the abrasion should start. The spring is attached and the 
engine is started. When the die has rotated so that the pencil mark is level with 
the edge of the diamond, the diamond is allowed to contact “the occlusal edge” of 
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the die with the pressure supplied by the tension on the spiral spring. When the 
diamond has been in contact with the die for two revolutions, it is removed at the 
same moment as its edge reaches the pencil mark. 


TABLE I. Statistic DETERMINATIONS MADE TO ANALYZE THE ERROR OF THE TESTING METHOD 
Usinc Two DIFFERENT MATERIALS: DUROC AND CRISTOBALITE 


| | 
| MEAN IN MILLIMETERS OF 5 DIFFERENT | 
MATERIAL SPECIMENS. EACH MEAN IS BASED ON M+ em o 
10 MEASUREMENTS | 











0.51 0.51 0.52 0.56 0.56 | 0.53+0.012 | 0.026 




















Duroc 0.54 0.55 0.56 0.57 0.58 | 0.56 + 0.007 0.016, - 
0.58 0.61 0.61 0.62 0.62 | 0.61 + 0.007 | 0.017 

oe ean ae 2200) 206 2.18 2.99 -2.05 | 2.16 + 0.05 | 0.10 

Cristobalite Z P90) 2528 25300 238 254 y 2.23 + 0.08 | 0.19 
2.32 2355 240 2742) 22345" | 2.38 + 0.02 | 0.05 





M = Mean. 
em = Standard error of the mean. 
o = Standard deviation. 


TABLE II. A COMPARISON BETWEEN THE BRINELL HARDNESS NUMBER AND THE ABRASIVE TEST 
OF THE DIFFERENT DIE MATERIALS* 








| BRINELL HARDNESS ABRASION IN 



































NUMBER NUMBER MILLIMETERS | NUMBER 
MATERIAL | | OF | OF 

| | OBSER- | | | OBSER- 

M+ em | o@ | VATIONS M+ em | o VATIONS 
Amalgam (64.6£1.3 | 65 | 25 |0.17+ 0.003 | 0.02 | 50 
Duroc (vibrated ) | 20.5 = 0.33 | 1:65 25 | 0.54 + 0.01 | (0:07 | 50 
Duroc (centrifuged ) | 39.9+ 0.52) 2.9 | 30 | 0.31+ 0.007 | 0.06 | 60 
Vel Mix (vibrated ) | 16.6+0.66/ 2.3 | 12 | 0.54 = 0.01 | 0.04 | 19 
Vel Mix (centrifuged | 31.2 + 0.79 | eS | 20 | 0.35+0.01 | 0.075 | 40 
PermaRock (vibrated) 31.5+0.44/ 2.3 | 28 | 0.17 = 0.002 | 0.02 | 50 





PermaRock (centrifuged ) | 42.2 = 0.64 | 3.96 | 38 | 0.157 + 0.002 | 0.015 70 


| 





M = Mean. 
em = Standard error of the mean. 

o = Standard deviation. 

*Three of the materials (Duroc, Vel Mix, and PermaRock) were either vibrated or centrifuged 
in the impressions.’*8 





The width of the facet created by the abrasive diamond is measured by a 
measuring microscope. In order to make the measurement easier, the die is again 
fixed in a screw piece mounted on a brass plate. This screw piece has such a direc- 
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tion in relation to the brass plate that the abraded facet can be studied perpendicular 
to the direction of the rays of the microscope (Fig. 5). The screw piece can be 
turned around on its own axis, and many readings can be made along the course 

















Fig. 4.—The test die is mounted correctly in a screw piece by means of the cervical bevel. 


‘ nnceneaill 





Fig. 5—The abraded facet is measured by means of a microscope. A separate screw piece 
fixes the test die at an angle corresponding to that which it had when being abraded by the 
diamond (see Fig. 2). 


of the facet. Ten measurements were made on each specimen. In order to avoid 
any risk of error in the choice of observation place, the screw piece was turned to 
ten fixed marks before every reading. 

To permit a comparison of surface hardness measuring and the Brinell test, 
ive impressions were made on the “occlusal surface” with a 2.5 mm. steel ball 
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under a pressure of 15.625 kg. for 30 seconds. These Brinell tests could not be 
made on the weaker gypsums (Cristobalite) because the specimens were broken 
by the pressure of the Brinell ball. 


RESULTS 


In order to study the mode of action of the apparatus, abrasion tests were made 
of two gypsum products with considerable divergence in hardness. They were: 
Duroc and Cristobalite. The tests were carried out in six series of five specimens 
each. In half of the series, Duroc was used as the die material, and Cristobalite was 
used in the other half. Each series was prepared from gypsum of the same mix. 
The gypsum was mixed mechanically under a partial vacuum (2 inches Hg) for 
15 seconds and then was vibrated into the rubber base impressions mentioned 
previously. The specimens were allowed to harden for about 15 hours before the 
abrasive tests were made and the facets measured. The considerable differences 
in the measured values of the two materials are shown in Table I and are apparent 
in Fig. 6. 





A. B. 


Fig. 6.—Two test dies showing different abraded facets: A, the Duroc die; B, the Cristo- 
balite die. 


From the values obtained (Table II), it was found that the Brinell tests gave 
a most inadequate basis for forming a comparison between the die materials. Perma- 
Rock, which has only half as high a Brinell hardness number as amalgam, showed 
approximately the same cutting resistance as amalgam. 

The B.H.N. for vibrated Duroc and Vel Mix dies increases by about 100 per 
cent when centrifuging the stone into the impressions. The equivalent increase of 
the abrasive resistance when these materials are centrifuged into the impressions 
is 84 per cent and 69 per cent, respectively. 

It is clear from these values that this abrasive test, which is more nearly equal 
to dental clinical procedures, gives considerably different values than those obtained 
by the Brinell test. In the past, the surface hardness represented by the B.H.N. 
may have given a measurement of value for dies. However, modern techniques 
making use of dies on which wax patterns are made place more rigid requirements 
on dies. Therefore, a cutting resistance test will give a more true comparison be- 
tween the adequacy of different die materials. 
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SUMMARY 


The Brinell and similar surface hardness methods for estimating the value of 
die materials were discussed, and an apparatus which can classify die material by 
means of cutting resistance tests was described. The apparatus consists of a sharp- 
edged diamond, which is allowed to abrade a rotating test die. As the abrasion is 
made against an angled sharp edge of the die, a narrower or wider facet is obtained 
according to the resistance of the material. The breadth of this facet is measured 
microscopically. 


CONCLUSIONS 


1. The Brinell, Knoop, and other hardness tests are inadequate for testing 
the hardness of dies for correlation with modern techniques. 

2. The cutting resistance test method is a practical means for making adequate 
comparative tests of the hardness of dies. 
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FACTORS AND TECHNIQUE OF PRECISION CASTING 
Part I 


Takao FusayaMa, D.D.S., D.M.S.* 
Tokyo Medical and Dental University, Tokyo, Japan 


IMENSIONAL ACCURACY IS ESSENTIAL for the successful dental casting. A num- 

ber of theories on this problem*® have been published, and many tech- 

niques”*10-12 of so-called precision casting have been recommended. However, truly 

accurately fitting castings are not always easily secured regardless of the claims 
made. 

Dimensional accuracy is particularly critical for external restorations, such 
as cast crowns which grip the tooth from the outside. In order to seat these crowns 
on preparations, many dentists reduce the inside surfaces of the wax patterns or the 
castings by wax carvers, dental burs, sandblast, etching, etc. 

A discrepancy between theories and practice is quite natural since the past 
conventional theories neglect the following important factors : 

1. The cooling shrinkage of wax patterns after removal from the preparation 
is the only factor in dimensional change of wax which has been considered by past 
researchers. However, the contraction of the wax pattern during solidification and 
cooling and the elastic recovery after removal are also significant. 

2. The difference between the setting expansion of the investment and the wax 
expansion will distort the wax pattern or mold and restrict the investment expansion. 

3. The casting shrinkage of the metal will vary, depending on the form and 
size of molds. 

4. The effect of surface roughness of the casting should be considered in 
measuring the dimensional change of castings. 

5. The space for cement must be considered in seating restorations. 

These factors were investigated thoroughly. Over 1,500 patterns or castings 
were made which led to the development of a new technique for precision casting of 
all types of small dental restorations. 


MEASURING DIMENSIONAL CHANGES OF WAX PATTERNS AND CASTINGS 


Molds used for measuring dimensional changes should be designed to permit 
accurate measurement and should be comparable in size and form to that of com- 
mon cavity preparations. The equipment used throughout this study for molding 
wax patterns and measuring the dimensional changes of wax patterns or castings 
was devised to meet these requirements. 


Received for publication Feb. 21, 1958. 
This study was done under the direction of Ralph W. Phillips, M.S., at the Indiana University, 
School of Dentistry, Department of Dental Materials, where the author studied as a Fulbright 
Research Scholar 1956-1957. 
*Assistant Professor of Operative Dentistry. 
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COLUMN AND CROWN MOLDS 


The molds for the “column” and “crown” specimens are seen in Fig. 1. The 
smaller mold was generally used since no significant difference was found between 
the two molds. 





Fig. 1.—Column and crown molds are used to determine the dimensional changes of wax 
patterns and castings. 
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Fig. 2.—Design and use of column and crown mold. Discrepancies between the ends of 
the specimens and the mold forms are read with a micrometer microscope. The discrepancies 
re shown as Q@, 8 and vy and are calculated as X, Y, and Z. 


Fig. 2 shows the design and use of the smaller mold. Column patterns were 
nolded with the frame pieces B and C, while crown patterns were molded with the 
tame pieces A, B, and C. The dimensional changes were determined with a mi- 
rometer microscope by reading the discrepancies between the ends of specimens and 
1old frames, as shown by gq, 8, and y and then calculated as X, Y, and Z. Because 
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of the taper of the side walls of the molds, the discrepancy in the vertical direction 
represents 10 times the change in the transverse direction. 

The column-type die represents the simple internal inlay, although an inlay 
of this type may be smaller. However, this larger size was required for critical 
measurement. The crown die represents a full-cast crown of average size. Some 
analytic interpretation was possible by comparison of the results of both types of 
dies of the same size. 


SQUARE PLATE AND U-FORM MOLDS 


The molds for the “square plate” and “U-form” specimens are seen in Fig. 3. 
The square plate mold permitted a reference comparable to the results which might 
be obtained on a simple inlay of larger surface area. The U-form casting is some- 
what comparable to an MOD inlay, and its extremely slender form was most suit- 
able for showing any delicate distortion of MOD inlays. 

The molds were designed so that a square plate pattern was molded with the 
frame pieces A, B, and C, while a U-form pattern was molded with the frame pieces 
A, B, and D (Fig. 4). The dimensional changes were determined by reading the 
discrepancies between the edges of specimens and mold frames as shown by a, B, 
and y and again calculated as X, Y, and Z. All side walls have a one-tenth con- 
vergence rate, and so the discrepancies or space represent 10 times the changes 
of the respective transverse dimensions. 


EVALUATION OF MEASURING TECHNIQUE 


Many researchers!!*!© have used larger specimens and unrealistic forms as 
these were needed for minute measurements, but the data obtained with such speci- 
mens were not always representative of the results obtained with practical inlays. 
Valid conclusions can be made only if specimens of a size and form comparable to 
practical restorations are used. 

Others!® have made direct measurements of normal inlay size specimens with 
a comparator microscope. However, the reading errors may make it difficult to 
obtain statistically significant group differences of such small specimens because of 
the limit of accuracy of the sliding microscope and the lack of sharpness of ob- 
jective reference lines on investment or castings. 

Because the measuring molds used in this study had a taper of 10 per cent 
on their side walls, the readings taken on the vertical axis represented 10 times 
the transverse dimensional changes. Consequently, the reading error in per cent 
was one-tenth of that of direct measurement. Besides, the reading was made only 
on the small discrepancy between the specimen and mold rather than on the whole 
specimen. Such a short sliding of the comparator microscope made the error still 
smaller. 

Thus, minute group differences of a sufficient statistical significance could be 
detected using small specimens of normal inlay size. The standard deviations of 
group results were generally less than 0.1 per cent. 

Suffert and Mahler’® reported that the variations in dimension of castings 
made by present casting techniques may be in the order of 1.0 per cent. However, 
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such a large variation might be due to faulty techniques, such as the pour-molding 
of inlay wax, the use of boiling water for eliminating wax from the mold, and the 
direct measurement of small castings under a microscope. Skinner! states that the 





Fig. 3.—The square plate mold permits a reference comparable to a large surface simple inlay, 
while the U-form mold permits a reference similar to an MOD inlay. 






























































Square Plate U- Form Side View 
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outside of sq. plate outside of U-form inside of U-form 
Fig. 4.—Design and use of square plate and U-form models. Discrepancies between the 
specimens and the molds are determined by measuring the space between the edges of the 


specimens and mold frames. The discrepancies are shown as@Q, $8, and y and are calculated 
as X, Y, and Z. 


minimum deviation may be approximately 0.1 per cent. In this study, a standard 
deviation of less than 0.05 per cent has been obtained. 
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DIMENSIONAL CHANGE AND WAX PATTERN DISTORTION 
DURING AND AFTER MOLDING 

Wax molded into a cavity will show two types of shrinkage: one is the shrink- 
age during solidification, and the other is the cooling shrinkage after solidification. 
No previous work on dimensional casting has been devoted to the solidifying shrink- 
age of wax even though molten wax is often used for molding, and the magnitude of 
contraction is much larger than the thermal shrinkage that occurs after solidification. 

The softening point of inlay waxes is designed for use at mouth temperature, 
and so the free thermal shrinkage of wax from the softening point to room tem- 
perature may be as great as 0.9 per cent. This shrinkage takes place not only 
after removal®!4:1%18 but even in the molds before removal. The mold walls will 
resist and prevent these shrinkages to some extent, and a combination of flow 
and stress will result in the wax structure. The subsequent release of the stress 
will cause distortion. Thus, a wax pattern shrinks and distorts during and after 
molding. 

How, and to what extent, can such a dimensional change of wax patterns be 
overcome? This problem was thoroughly investigated in the first phase of this 
study in order to secure a reliable basis for further work. 


COMPARISON OF MATERIALS AND TECHNIQUES FOR WAXING 

Two types of wax were compared: Kerr’s regular inlay wax and the pink 
baseplate paraffin wax made by the Dentists’ Supply Company. The latter was 
soft enough to be bent slightly even at room temperature. The tests were carried 
out at a room temperature of 22° to 23° C. 

Three molding techniques were compared. These were: (1) the “press- 
molding”? technique in which softened wax was molded in the mold by a heavy 
finger pressure, (2) the “pour-and-press-molding” technique in which fluid wax 
was poured in the mold and held by a heavy finger pressure before hardening, 
and (3) the “pour-molding” technique in which fluid wax was poured in the 
mold and no pressure was applied. 

All four types of molds were used, and the mold walls were lubricated slightly 
with cocoa butter. The wax patterns in the molds were cooled in room tempera- 
ture water for a few minutes before removal. The wax patterns were placed back 
in the measuring mold frames by a very light and even pressure from a camel’s- 
hair brush, and measurements were made immediately by a comparator microscope. 


RESULTS 

Curves were plotted to show the dimensional changes of the wax patterns 
against time (Fig. 5). The curves PA-OC and BL-OC indicate that the wax 
molded in a simple cavity, as the column type, shrinks markedly from the mold 
walls before removal and little after removal. However, when paraffin wax was 
press-molded in a shallow cavity, as the square-plate form, this shrinkage in the 
mold was overcome by effective pressure as shown by the curve PA-OS. How- 
ever, the shrinkage of inlay wax on a room-temperature die could not be over- 
come by pressure. 











oo * PRECISION CASTING. PART I 473 
The crown form wax pattern did not shrink on the die because of the sup- 
port of the mold core, so it fit closely immediately after removal. However, it 
did shrink slowly and continuously thereafter. This shrinkage was especially great 
with fluid inlay wax as shown by the curve BL-IC. The shrinkage of the press- 
molded paraffin wax pattern was insignificant after 30 minutes as shown by the 
curve PA-IC, but even this shrinkage reached 0.26 per cent after 24 hours, sug- 
gesting that the patterns should be invested as soon as possible after removal. 
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lig. 5.—Distortion of wax patterns molded at room temperature. The curves indicate the di- 
mensional change of the wax patterns as related to time. 


The same type of slow and continuous shrinkage, caused by releasing strains, 
was observed on the U-formed patterns, but no significant shrinkage was ob- 
served on the press-molded U-formed wax patterns. 

The magnitudes of dimensional changes of the wax patterns using various 
types of techniques and materials after 30 minutes are compared in Table I. The 
figures represent the averages of 5 to 10 measurements for each group. 
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The following two facts are concluded. First, paraffin wax produced patterns 
of much greater accuracy than inlay wax on the dies at room temperature. This 
observation would be expected since the range from manipulating temperature to 
room temperature is much smaller in paraffin wax than in inlay wax. Thus, the 
manipulating temperature of the wax should be only slightly above the tempera- 
ture of the cavity in which it is molded. Second, the press-molding technique pro- 
duced the most accurate patterns, while the other two techniques using fluid wax 
resulted in greater shrinkage. The data obtained from the U-formed patterns 
made with fluid wax was quite different in the outside and inside dimensional 
changes, indicating that those patterns distorted markedly. This finding is quite 


TABLE I. DIMENSIONAL CHANGE (PER CENT) OF WaAx Patterns 30 Minutes Arter Motp- 
ING AT Room TEMPERATURE 












































FORMS of PATTERNS 
Materials | Technics Outside Inside Outside Outside Inside 
of of of of [7 of 
Column Crown Sq. plate U-Form U-Form 
PRESS- | -0.24 =0.05 =0'27 -0.0! 0.00 
MOLDING | (£0.06) | (#0.06) | (£0.06) | (£0.06) (¢0.01 
BLUE 
INLAY POUR & | -0.49 -0.59 =0:22 -0.59 
WAX PRESS (20.12) (+ 0.06) (£0.09) ($0.16) 
POUR- -0.91 -0.45 -0.44 
MOLDING | (0.28) (0.22) | (£0.14) 
PRESS =O517 -0.03 =0:0)1 -0.02 0.00 
MOLDING | (#0.03) | (20.04) | (£0.02) | (20.02) | (£0.00) 
PINK 
WAX PRESS | (20.13) | (40.06) (0.07) | (£0.11) 
POUR- -0.60 -0.19 -0.71 
MOLDING | (+0.22) (£0.07) (+0.18) 





























Stondard deviations are in parenthesis. 


contrary to the conceptions believed by some researchers,'*!® but it does coincide 
with our clinical experiences. A possible explanation of this phenomenon may be 
that the solidifying shrinkage of wax is much larger than the shrinkage after solid- 
ification and that a very severe internal stress is produced in the wax structure 
when the contraction is resisted by the cavity preparation. Such a stress results 
in a subsequent slow and continuous shrinkage. Data on dimensional changes of 
dental castings using molten wax for waxing are not reliable since they neglected 


this important and severe change.'® 

The press-molded external type wax patterns showed little change after re- 
moval. This means that the greatest part of the plastic deformation during manipu- 
lation and the cooling shrinkage resisted by preparation is overcome by flow leav- 
ing much less latent stress. Such flow is especially possible in slender-type pat- 
terns of softer wax resulting in minimum shrinkage. 
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However, such a press-molded pattern is not free of all latent stress. Fifteen 
minutes after removal from the preparation, the U-formed patterns of paraffin wax 
were dipped in a water bath at 38° C. and held there for 10 minutes. They were 
then removed, stored 5 minutes at room temperature, and measured. The changes 
were as great as follows: outside of U-form, —0.13(+0.10) per cent; inside of 
U-form, —0.40(+0.13) per cent. The discrepancy between the outside and inside 
changes proves a distortion of the U-form patterns, closing both ends. Thus, the 
use of a warm bath promotes the distortion by latent stress and so is prohibited. 
This finding concurs with those of Phillips and Biggs!® warning that wax distorts 
with storage time and temperature change. 


TRIAL OF TWO CONVENTIONAL TECH NIQUES 


As discussed, the press-molding technique apparently showed better results than 
the techniques with molten wax. Nevertheless, the conventional theory that molten 
wax may produce more accurate patterns is still believed by some dentists. The 
repeated addition technique of molten wax or the dipping technique in which the 
pattern is made by dipping a die in molten wax in a tank are being recom- 
mended. The accuracy of the wax patterns made by those two conventional tech- 
niques was tested and compared with that of the press-molded patterns. 






brass brass stone 
crown MOD MOD 





Fig. 6.—Three different types of dies are used to test two conventional methods of making 
wax patterns. 


Two original brass dies of the crown and the MOD types and a stone die 
of the MOD type made with rubber base impression from the brass die were used 
(Fig. 6). The axial walls of the preparations had diameters of 10 mm. and tapers 
of one tenth. 

In the repeated addition technique, small drops of molten wax were placed 
on the dies. All of the surfaces were covered with approximately 15 drops. In the 
dipping technique, the preparations were dipped in the molten wax four to five 
times which produced a layer of wax about 1.0 mm. thick. The margins of wax 
solidifying on the dies came off and so were corrected by a hot spatula. The patterns 
were cooled by room temperature water or compressed air for a few minutes and 
trimmed before removal. 
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Five patterns were made for each group. The spaces between the margins and 
the cervical floors of the preparations were measured 30 minutes after removal by 
a comparator microscope. These measurements represent 10 times the shrinkages 
of the patterns. 


RESULTS OF CONVENTIONAL TECHNIQUES 


The results are seen in Table II. In the repeated addition technique, all pat- 
terns contracted markedly. The patterns made by the dipping technique also con- 
tracted as much as the first group. Some may claim that such a contraction is 
expected only on metal dies of high thermal conductivity because of the rapid 
loss of heat. To check this possibility, a stone die of low thermal conductivity 
was also tested. The changes were again quite significant, although slightly less 
than that which occurred on the metal die as shown in the lower part of the table. 

The use of molten wax was also tried in the simple column mold and the U- 
form mold, but it was impossible to prevent wax from coming off of the mold 


TABLE II. DrmMENSIONAL CHANGES (PER CENT) OF WAX PATTERNS MADE BY CONVENTIONAL 
TECHNIQUES 30 MrinuTES AFTER REMOVAL 





























Types of waxing technics 
Types and | Types of K d Dippi 5 
materials | wax used epeate st — 
ot dies addition technic molding 
Blue -0.41 -0.48 -0.05 
Crown inlay wax (£0.06) (+0,04)| (£0.06) 
preparation 
of brass Pink =0:35 =O°S7 -0.05 
eee (0.03) | (¢0.04) 
Blue =0°37 -0.08 
preparation 
of brass Pink -0.20 -O. 
paraffin wax (+0.04) (£0.01) 
Blue -0.34 -0.02 
MOD inlay wax (£0.07 ) (£0.02) 
preparation 
of stone Pink =0©:15 -0.01 
paraffin wax (0.07) (0.02) 

















Standard deviations are in porenthesis 








walls, and some defects were always found on the cavity surfaces of those patterns. 
They were not adequate for measurement. 

The changes in the press-molded patterns were minimal. The margins on 
proximal surfaces of MOD patterns were examined very critically, but no distor- 
tion or warpage was found. Thus, the press-molding technique again showed the 
best results. 
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RECOMMENDED MATERIALS AND TECHNIQUES FOR WAXING 


Considering the experimental results, the following materials and techniques 
are recommended. Regular inlay wax should be used in the mouth, but a softer 
wax is preferred on a room temperature die. Paraffin wax produced better re- 
sults, but it is not considered ideal since its softening point is not definite enough 
and careless treatment may distort it, even at room temperature. Consequently, 
paraffin wax is recommended for use on indirect dies. Inlay wax is preferred for 
some particularly slender complex patterns, because, since a slender pattern is 
more easily stretched with little strain, a high softening point will not affect the 
accuracy. A new ideal inlay wax having a definite softening point slightly above 
room temperature would be desirable for indirect inlay techniques. 

Wax patterns should be press-molded. Partial use of molten wax is some- 
times necessary clinically to correct patterns, but it should be minimized for max- 
imum accuracy. The pattern should be stored at a constant room temperature and 
invested as soon as possible after removal. 

For the remainder of this study, all patterns were made by press-molding of 
paraffin wax and were treated with a thin surface tension-reducing agent and in- 
vested as soon as possible after removal. Thus, the dimensional changes of the 
patterns, except the outside changes of the column patterns and crown patterns 
were eliminated. The shrinkage of column patterns and the slight shrinkage of 
the outside of crown patterns apart from mold walls could not be prevented. Con- 
sequently, they were pushed ahead in the mold frame C until adapted closely, and 
the exposed top was cut even with the mold end by a razor blade. The fin of the 
crown pattern, made between the frame pieces A and B, was removed so as not to 
disturb the advanced fit. Thus, the dimensional changes of all types of wax pat- 
terns were negligible in the further study. 


WAX AND INVESTMENT EXPANSIONS DURING SETTING 


A number of techniques to compensate for the casting shrinkage of gold 
alloy have been developed. Some of these techniques are: (1) the wax expan- 
sion technique which was inadequate due to wax pattern distortion, (2) the thermal 
expansion technique* with Cristobalite or quartz investments and a wet asbestos 
lining, still widely used by many dentists, and (3) the hygroscopic techniques with 
water bath?:4:7-1° or water addition.? 

Actually, the second technique is not a truly thermal expansion technique, 
but a combination of thermal and hygroscopic expansions, and such a hygroscopic 
expansion of investment by wet asbestos distorts the wax patterns.2° The ideal 
expansion of investment during setting should be as small as the wax expansion 
produced by the heat liberated during the setting of the investment.2° The reason 
for this observation is quite clear. If the investment expanded more than the wax 
pattern, the stiff wax pattern will somewhat resist the investment expansion and 
result in an irregular mold expansion, and the investment expansion will distort 
the wax pattern. Naturally, the greater the investment expansion during setting, 
the more serious will be such errors. 
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These errors of the various techniques, because of the inequality between wax 
and investment expansion, were investigated, and the desirable investment ex- 
pansion during setting was determined. 


DISTORTION OBSERVED IN THE WAX PATTERN AND INVESTMENT 


A direct observation of wax or mold distortion was made on oversize speci- 
mens for the reasons discussed previously. Plastic plates were assembled in a 
box (Fig. 7), and all of the inside surfaces of these plates were lubricated with 
cocoa butter and held with a fine rubber string. The rubber string was carefully 
removed immediately after the initial set of investment so that the investment could 
expand freely. 





Fig. 7.—Assembly used in observing wax pattern distortion. A, wax pattern, B, invest- 
ments, C, plastic box, D, rubber string, E, pan, F', water. 


A U-formed wax pattern, + cm. long and 3 mm. thick, was placed on the 
investment mix poured in that box, keeping the top surface of the pattern even 
with investment surface. A camera was firmly fixed vertically above this box at 
a given distance and focus. The first photograph was made 6 minutes after mix- 
ing the investment, and the second was made at the end of 2 hours. 

Three techniques were compared: (1) A hygroscopic investment* was mixed 
at a water/powder ratio of 0.32, poured in the box, and surrounded by a room 
temperature water bath before its initial set in order to produce hygroscopic ex- 
pansion. (2) The same investment mix was used without the water bath so that 
only its normal setting expansion of 0.4 per cent took place. (3) An experimental 
investment of very small setting expansion of 0.02 per cent was used without a 
water bath. 


*Hygrotrol, Whip Mix Co. 
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RESULTS 


The negatives of the photographs were projected on a large screen, and the 
outlines of the wax and investment were traced on the same paper to determine the 
distortion of the wax and the mold. The results are shown diagrammatically in 
Fig. 8. The hygroscopic expansion technique markedly distorted the wax pattern, 
opening both ends and bending the occlusal portion. This distortion is fairly 
comparable to the diagram theoretically forecast by Smyd.> Moreover, the in- 
vestment expanded away from the wax leaving spaces in the parts where the wax 
did not follow the investment expansion. The normal setting expansion technique 
(0.4 per cent, without the hygroscopic effect) also produced distortion and spaces, 
although they were smaller than when the hygroscopic expansion technique was 
used (Fig. 9). Little distortion and no spaces were observed with the investment 
which had only 0.02 per cent setting expansion. 








Original outline of wax pattern 


-------- Qutline of wax pattern ofter 
normal setting expansion (0.4 %) 


—---— Qutline of wax pattern after 
hygroscopic expansion (water bath) 


mms Space between wax & investment 
after hygroscopic expansion 
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* Discrepancy was very slight after 
small setting expansion (0.02 %) 
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Fig. 8.—The distortion of the wax pattern and the mold during setting of the investment is 
shown diagrammatically. 


Jorgensen‘ found a space between the cervical ends of MOD patterns and 
the investment because of hygroscopic expansion. The author, also, found the 
spaces on both outside surfaces of the proximal and the occlusal portions of the 
MOD pattern, even in the case of normal setting expansion of 0.4 per cent. 


DISTORTION OBSERVED ON CASTINGS 


The distortion on castings was observed using the measuring equipment pre- 
viously described, and thus the various techniques were compared. The U-formed 
specimens were used because they are most sensitive to distortion. Square-plate 
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specimens also were used for comparison and analysis. The investment was mixed 
mechanically for 30 seconds and poured in 30 mm. diameter rings using a Kerr 
vacuum investing machine. Castings were made centrifugally with Sylden-B (Cu- 
Ni-Zn alloy made by the Hayashi Alloy Company in Japan) one day after in- 
vesting. Four techniques were compared: (a) Hygrotrol was used in stainless 
steel rings without a liner. The wax was eliminated by heating to 455° C. in 60 
minutes before casting. (b) Hygrotrol was used in a rubber ring and 1.3 ml. 
water was added, following Peyton’s hygroscopic technique.!* (c) Kerr’s Christo- 





ee 
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Fig. 9.—Space develops between the wax and the investment when invested. Left, 2 hours 
after the normal setting expansion technique (0.40 per cent); right, 2 hours after the hygroscopic 
setting expansion technique (water bath). 


halite investment was used in stainless steel rings with a wet asbestos liner. The 
water/powder ratio was 0.40. It was heated to 700° C. in 90 minutes. (d) Kerr's 
Cristobalite investment was used again, but the rings were lined with soft, dry 
asbestos ribbon. The surface of the asbestos liner was coated with cocoa butter 
to prevent water sorption from the investment mix. 


RESULTS OF CASTING DISTORTION TESTS 


The dimensional changes of resultant castings are compared in Table III. The 
U-formed specimens in the measuring molds are compared in Fig. 10. In tech- 
nique A, the transverse setting expansion of the investment was completely con- 
fined by an iron ring.*° (The thermal expansion was 0.55 per cent which is smaller 
than the thermal expansion of the ring.) The variation of results by different forms 
was comparatively small, and little distortion was detected, although the castings 
were grossly undersize. 

In technique B, the investment expanded hygroscopically during setting. The 
outside of the U-form was +0.56 per cent, but this does not mean a uniform 
expansion because the inside dimensions were —0.66 per cent. Such a great dif- 
ference of results between the inside and outside of the same specimens indicates 
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a severe distortion of the castings, with an opening at both ends. Actually, the 
spaces between the castings and mold walls were quite marked, being as large as 
0.2 mm. on both sides. 

In addition, the square plate mold (—0.50 per cent) was smaller by 1.06 per 
cent than the outside of the U-form mold (+0.56 per cent). The mold expansion 
by hygroscopic technique is thus irregular. The calculation, from this net change 
of the square plate, the investment thermal expansion, the casting shrinkage, and 
the effect of surface roughness determined later in this study, indicates that the 
investment wall in this case expanded by 


—0.50 —(+0.55 —1.95 +0.11) = +0.79 per cent 


during setting, which is greater than the wax expansion and much smaller than 
the expected hygroscopic expansion. Thus, it expanded during setting away from 
the wax pattern but not in full amount of hygroscopic expansion. The large 
standard deviations of results of this group indicate the inconsistency of such an 
expansion. 


TABLE III. Comparison oF DISTORTION OF CASTINGS MADE BY VARIOUS TECHNIQUES 


















































INVESTMENT Hygrotrol Hygrotrol | Kerr Crist. | Kerr Crist. 
RING iron rubber iron iron 
LINING no wet asb. dry asb. 
WATER added 
EXP DURING SETTING none hygroscopic | hygroscopic 0.36% 
SQ. PLATE | Outside - 1.06% | -0.50% | +0.06% | -0.54% 
ei (A) (£0.15) | (£0.27) (20.23) (t0.03) 
Outside -0.76% | +0.56% | +0.54% -0.09 % 
(B) (£0.09) | (£0.11) (t0.21) (40.16) 
U- FORM Inside -1.05%| -0.66% -0.02% -0.17% 
r\ (£0.10) | (20.10) | (40.02) | (#0.08) 
Space of 0.2 mm 0.07 mm | 0.04 mm 
Distortion [YY 9" oa) | (20.07) | (20.04) 
Difference between A&B 0.30% 1.06% 0.48 % 0.45% 




















Standard deviations are shown in parenthesis. 





Such an irregularity or inconsistency seems quite natural for the character- 
istics of the hygroscopic expansion. The amount of expansion is considerably in- 
creased by hygroscopic effect, but there is no increase of CaSO, * 2H,O crystal- 
lization to support it, and thus the hygroscopic expansion can be very easily and 
unstably confined by any slight restriction such as the resistance of wax patterns, 
rubber rings, or others.?4 

In technique C, the investment had a comparatively large thermal expan- 
sion (1.1 per cent). Its expansion during setting was greater than its normal 
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setting expansion (0.36 per cent) because of the hygroscopic effect of a wet liner. 
The data show that the molds expanded more than the other groups, but the large 
difference between the outside and inside measurements of U-form and the spaces 
seen in the photograph prove a slight distortion of the castings. Such an inlay 
can be seated on the preparation, but its fit on the cervical margin is loose. 

A distortion of castings, made with a wet asbestos lining, and the nonuni- 
formity of results were previously shown.”° The large difference of the outside 
measurements between U-form castings and square-plate castings and the large 
standard deviations of groups prove again the erratic results. Such errors prob- 
ably result from the hygroscopic effect since they were much smaller with a dry 
lining. Thus, the use of a wet lining is not advisable, though this group was 
better than with the hygroscopic techniques. 


C. D: 





Fig. 10.—U-form castings made with the various investing techniques are checked for 
accuracy in the measuring molds. A, Hygrotrol—in iron ring without lining; B, Hygrotrol—used 
by water addition technique; C, Kerr’s Cristobalite—with wet asbestos lining; D, Kerr’s Cristoba- 
lite—with dry asbestos lining. 


In technique D, because of the elimination of the hygroscopic expansion, the 
resultant castings were somewhat smaller than those of technique C, but the changes 
were more uniform (Table III), and the distortion was less (Fig. 10). However, 
some slight distortion still existed due to the setting expansion of 0.36 per cent. 


DESIRABLE SETTING EXPANSION AND TECHNIQUE 


The data definitely show that the large setting expansion from the hygroscopic 
effect produces definite distortion of the mold. The common, normal setting ex- 
pansions of conventional investments are also still too great. The theoretic cal- 
culation from the thermal expansion coefficient of wax and the reacting heat of 
investment in a ring of regular size suggest that a setting expansion of around 

















Volume 9 wes = = 
br PRECISION CASTING. PART I 483 
0.05 per cent may be adequate to harmonize with the wax expansion with no re- 
sistance.2° However, the exact amount of expansion desired may vary with dif- 
ferent waxes and investments. 


The exact desirable setting expansion and technique for preventing distortion 
were determined, using the baseplate paraffin wax, the experimental investments, 
and U-form castings of alloy Sylden-B. Kerr’s asbestos liner was tried first, but 
it was too hard in the dry state. Thus, the Shofu’s asbestos ribbon, which is very 
soft even in a dry state, was used. Table IV shows the results. 

The experimental investment of 0.02 per cent setting expansion resulted in no 
distortion with 1.2 mm. thick lining. However, a slight distortion, opening the 
U-form occurred with the 1.6 or 2.0 mm. thick asbestos lining. This suggests 
that the increase of the liner thickness caused a greater investment expansion dur- 
ing setting by the change of the hygroscopic effect of the water absorbed by the 
dry asbestos from the investment mix. 

When cocoa butter was used to coat the dry asbestos liner, a slight distortion 
closing the U-form was found, regardless of the thickness of lining. This procedure 
indicates that the hygroscopic effect was completely eliminated by the cocoa butter 
coating and that the setting expansion of 0.02 per cent is too small to harmonize 
with the wax expansion. 


TABLE IV. DETERMINATION OF NECESSARY SETTING EXPANSION AND TECHNIQUE 








NORMAL SETTING | THICKNESS OF 


EXPANSION | ASBESTOS LINING COCOA BUTTER INCLINATION OF DISTORTION 
(PER CENT) | (MM. ) | OF U-FORM CASTING 
0.02 f.2 no none 
0.02 1.6 no opening ends 
0.02 2.0 no opening ends 
0.02 1.6 coated | closing ends 
0.02 2.0 coated closing ends 
0.06 | 1-6 coated none 
0.07 1:36 coated none 
0.04 | 1.6 coated none 
0.04 2.0 coated none 


Another experimental investment of 0.06 per cent setting expansion was tried, 
and no distortion was found with a 1.6 mm. thick asbestos lining. No distortion 
was found with the setting expansion varied from 0.04 per cent to 0.07 per cent. 
These data check well with the indirect calculation from the expansion coefficient 
of wax and the temperature rise of investment.?° Thus, the desirable setting ex- 
pansion of investment is approximately 0.05 per cent, and a soft, dry asbestos 
lining with cocoa butter coating is needed to secure that amount of expansion in 
the ring. 

The experimental investments in Table IV had a total expansion varying from 
1.52 to 1.70 per cent and the 1.6 mm. thick asbestos lining seemed sufficient for 
those expansions. However, the final experimental investment which had a 2.02 
per cent total expansion showed sometimes a slight decreased expansion on the 
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outside of crowns made with the 1.6 mm. thick asbestos lining, and the 2.0 mm. 
thick lining seemed sufficient for that investment, using regular casting rings of 
30 mm. diameter. 


SUMMARY 


1. A new technique for measuring the dimensional changes or distortions of 
wax patterns and castings of forms and sizes comparable to practical dental re- 
storations was developed. 

2. On the dies at room temperature, a baseplate paraffin wax of a softening 
point slightly above room temperature produced more accurate patterns than did 
regular inlay wax. The press-molding of softened wax is superior since the molten 
wax results in greater strain from the resisted solidifying shrinkage. The strain 
made by plastic manipulation seems insignificant if the pattern is invested 30 min- 
utes after removal and not subjected to temperature change during this time. 
Time and warming promote the wax distortion. 


3. The hygroscopic and larger normal setting expansions of investment re- 
sult in distortion and poor dimensional reproducibility of molds because of its 
inharmony to wax expansion. The ideal setting expansion to harmonize with wax 
expansion in regular casting rings is approximately 0.05 per cent. A soft, dry 
asbestos lining and a cocoa butter coating on its surface are effective to secure the 
desired investment expansions in metal rings. The required thickness of lining 
was 2.0 mm. for an investment of 2.0 per cent total expansion in the ring of reg- 
ular size (30 mm. diameter). 
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FACTORS AND TECHNIQUE OF PRECISION CASTING 
Part II 


TAKAO FusayAMA, D.D.S., D.M.S. 
Tokyo Medical and Dental University, Tokyo, Japan 


ia PART I OF THIS ARTICLE, the most accurate waxing technique and an ideal 
setting expansion of investment for preventing any mold distortion were de- 
termined by using special measuring molds and specimens of forms and sizes re- 
sembling practical casting restorations. In this part, the desirable total expansion 
of investment was further determined by measuring casting shrinkages of gold and 
alloys and calculating the desired dimensional changes of various types of small 
dental castings. Then, finally, a new system of precision casting was developed 
referring to all factors specified in this article. 


CASTING SHRINKAGE OF GOLD AND ALLOYS 

Many researchers have reported different findings on the casting shrinkages 
of gold and gold alloys. Two of the widely accepted values are those of 1.5 per 
cent for 22 carat gold (1-inch specimens)! and 1.25 per cent for 90 per cent gold- 
copper alloy (3-inch specimens).**> Although either of these figures may be ac- 
curate, it is inadvisable to calculate the desired investment expansion from them 
since the value of casting shrinkage may be dependent on the size and form of the 
specimens. A variety of casting shrinkages of various materials, different forms, 
and normal inlay sizes was investigated. 


PROCEDURE 

Softened paraffin was press-molded in the four types of molds, and 5 to 10 
patterns were made for each group. The molds, techniques of molding wax, 
vacuum investing, and centrifugal casting were described in Part I. The rings were 
lined with soft, dry asbestos and coated with cocoa butter. An experimental invest- 
ment of 0.06 per cent setting expansion was used, and thus no distortion of the wax 
patterns by investment expansion and no restriction of investment expansion by 
wax patterns could be expected. The thermal expansion to 700° C. was 1.34 per 
cent; thus, the total expansion was 1.40 per cent (0.06 per cent setting and 1.34 
per cent thermal). 

The five types of metal and alloys cast were: pure gold, William’s Medium 
Inlay Gold (type B), William’s Hard Inlay Gold (type C), William’s Partial 
Denture Gold (XXX), and Sylden-B (Cu-Ni-Zn alloy). The measurements were 
made by fitting the castings on the original molds as described in Part I. 
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To check the accuracy of this test, another experimental investment of 1.70 per 


cent total expansion (0.07 per cent setting and 1.63 per cent thermal) was com- 
pared with the aforementioned investment using the same molds, technique, and 
alloy. The dimensional changes of castings made with the two investments were 
compared, and the results are as follows: 


Investment Free Investment Shrinkage Shrinkage of 
Expansion of Crown U-form 
A +1.40 —5d —0.49 
B +1.70 —0.21 —0.18 
Difference 0.30% 0.32% 0.31% 


The three differences are quite comparable which proves that the investment 
molds expanded quite freely in the lined rings. Therefore, the casting shrinkages 
can be calculated with little error from the measured dimensional changes of the 
castings and the free expansion values of the investments. 


TABLE I. MEASURED DIMENSIONAL CHANGES (PER CENT) OF CASTINGS OF VARIOUS FoRMS AND 
MaTERIALS MADE USING AN INVESTMENT OF 1.4 PER CENT TOTAL EXPANSION 





Types of metal or alloy 







































































Measured object Symbols & 
calculation Pure gold Medium Hard Partial Cu-Ni-—Zn 
inlay gold inlay gold denture gold | (Syiden— B) 
Column 
ia outside A |-0.64 (t0.08) |-0.56 (+0. 14) |-0.57 (0.08) |-0.56 &0.10) |-1.25 (0.14) 
Crown outside B |-0.49 (0.08) | -0.51(t0.05) |-0.45 (£0.06) |-0.40 (£0.04) |-0.87 (£0.13) 
& inside C | -0.63 (0.05) |-0.74(t0.11) |-0.74 (40.11) |-0.70 (t0.05) |-1.21 (#0.09) 
Sq. plate 
a, outside D |-0.53 (£0.04) |-0.49 (0.05) |-0.43 (#0.04) |-0.39 (*0.09) |-0.44 (+0.11) 
U-form | outside E -0.46 (£0.05) |-0.42 (+ 0.09) |-0.36 (£0.04) |-0.39 (0.07) 
[ l inside a -0.60 (0.09) | -0.57 (+0.13) |-0.57 (£0.08) |-0.61 (£0.03) 
%| “o(B-C)= G | 0.07 0.12 0.13 0.20 0.17 
Crown 
Effect of HM |"%6x8.8 mm 3 5u 5 ul ou Ty 
surface 
roughness %|(E-F)= I | 0.04 *| 0.07 0.08 0.11 0.11 
U-form . 
M | \mtxil.7mm 3 4u 5u Tu Tu 
Stondard deviations are shown in porenthesis. * Calculated 
RESULTS AND INTERPRETATION 
The measured values of the dimensional changes of the castings are shown 


in lines A, B, C, D, E, and F of Table I. The data of the U-formed pure gold 
castings were omitted since it was too soft to be measured without error. 

These measured values include the effect of the surface roughness of castings 
due to the mold walls, making the reading larger in the outside and smaller in the 
inside. This effect was calculated from the discrepancies between the outside and 
inside measurements of the same crown or U-formed castings (lines G and H of 
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Table I) and is translated in microns. These values do not represent the actual 
roughness of the casting but rather the effect of roughness on fitting. 

Generally, the effect of roughness on fit was smaller in softer metals and larger 
in harder metals. The reason for such a difference is not clear, but it may be 
that the sharp tops of surface irregularity with softer metals are more easily com- 
pressed on seating than are those of castings made with harder metal. Another 
possible factor might be a reduced affinity or adhesion of the higher gold content 
alloy to the investment. This effect was constant for a given metal and investment 
with little change produced by different forms and sizes. The roughness did vary 
with different brand investments tested in the preliminary experiment, but the 
effects of modern investments of fine particle sizes were comparable. Five microns 
for medium and hard inlay golds can be considered a representative average of 
the effect of roughness on the fit of castings. 


TABLE II. SumMMARY oF CASTING SHRINKAGES OF PuRE GoLp AND ALLoys WITH 
Various TypE Mo_LpS—PER CENT 























Forms of Calculation Types of Metal or Alloy 
castings compensating 
for roughness Pure gold | Medium j|Hard inlay| Partial Cu-Ni-Zu 
& invest. exp. inlay gold gold denture gold| alloy 
(Sylden-B) 
Column A-G-— 1.40 =2.0l -2.08 =2:'0 =2.16 =2:62 
Crown C+G~— 1.40 =(296. =2:03 -1.98 =2 00 —2.44 
Sq. Plate D-H- 1.40 = 297 =| 296 =" =| 30 ='.35 
U- Form FtH— 1.40 =| 95 ={30 = 8¢ -1.90 
Variation Max.— Min. 0.15 0.20 0.29 0.92 
Liquidus °C 1083 960 958 955 
Solidus 2G 1083: 932 902 899 
o| 28] 56 56 


























However, the effect of 10 microns of roughness (5 microns in one side) is 0.1 
per cent in a 10 mm. inlay and 0.2 per cent in a 5 mm. inlay. Thus, the percentage 
is not constant for inlays of different sizes. Therefore, in order to discuss generally 
the dimensional changes of inlays of varying sizes, the real dimensional changes 
must be calculated in per cent by eliminating the effect of surface roughness, 1.e., 
reducing it from the outside measurement and adding it to the inside measurement. 
The so-called casting shrinkages of metals can then be calculated in per cent by 
reducing the investment expansion from those real net changes. 

The calculated casting shrinkages of various materials and different forms are 
summarized in Table II (the fractions smaller than 0.1 per cent are not always 
significant since the standard deviations of the groups varied from +0.03 to +0.14 
per cent, as seen in Table I). The following facts can be recognized. The casting 
shrinkages of crowns of pure gold and the three gold alloys were usually about 2.0 
per cent, which was much larger than the 1.25 per cent reported by Coleman? 














Volume 9 ee i 
Number 3 PRECISION CASTING. PART II 489 


and the 1.5 per cent reported by Hollenback and Skinner.’ The reason for this 
difference is probably because of the different sizes of specimens. The shrinkage of 
the solidified metal is compensated for by the further supply of the residual molten 
metal, and such a compensation is expected more in the larger castings. 

The casting shrinkage varied by different forms and was largest in the simple 
column and smallest in the slender U-form. In general, such a variation was larger 
in harder gold alloys of the wider melting ranges. The Cu-Ni-Zn alloy was as 
great as 0.9 per cent. The resistance of mold walls restricts some of the solidifica- 
tion shrinkage of the metal during the period between the liquidus and the solidus 
when the metal remains semi-liquid. The width of the melting ranges of metal, 
the adhesion of the oxide membrane of metal to the mold walls, and the condition 
of the mold walls may be the factors affecting the magnitude of this restriction and 
the variation of casting shrinkages by different forms. However, the variation with 
pure gold was a little larger than that of the medium inlay gold alloy. The reason for 
this unexpected result is obscure, but the extreme softness of pure gold which may 
allow it to be easily stretched by the mold resistance might be a causative factor. 

In dental practice, medium inlay gold is used usually for simple inlays, and 
hard inlay gold is used for crowns and MOD inlays. In regard to inlay gold, the 
change of casting shrinkages by different alloy compositions is apparently not sig- 
nificant. Consequently, the following values may be considered representative of 
the general casting shrinkages of gold alloys: (1) 2.1 per cent in simple inlays, 
(2) 2.0 per cent in crowns, and (3) 1.9 per cent in MOD inlays. 


DESIRED DIMENSIONAL CHANGES OF CASTINGS AND DESIRED INVESTMENT EXPANSION 


Some range of tolerated dimensional change of inlays is unquestionably neces- 
sary if they are to be seated successfully on the cavity preparations. Jorgensen* 
found that the minimal visible space between the preparation and inlay was 50 gh, 
and he considered this to be the maximal space which could be tolerated. However, 
this value lacks scientific corroboration. Therefore, two factors were considered: 
the surface roughness of inlays and the film thickness of cement. The inlay should 
be a little larger or smaller than the cavity preparation, depending on the type of 
preparation, to slip over the irregularity of its surface and yet permit a space for 
the cement film. Such desired dimensional changes of castings should be calculated 
to know the desired total expansion of investment. 


CALCULATION OF DESIRABLE DIMENSIONAL CHANGES OF CASTINGS 


The fact that inlays which show slight friction on seating can be cemented suc- 
cessfully has been experienced by many dentists. Consequently, the 5 » of surface 
roughness, determined previously, may be considered the necessary minimal space 
between the cavity preparation and inlay. The space for the cement in such in- 
stances may be made by abrasion and compression of the tooth substance. However, 
an inlay that fits tighter than this limit may cause distortion of inlay, possible 
fracture of tooth, or inadequate fit by the resistance during cementation. 














ae J. Pros. Den. 
490 FUSAYAMA May-June, 1959 


The maximal cement film thickness is set at 30 » by the American and Jap- 
anese specifications. Most of the modern crown and bridge cements have approxi- 
mately 20 » film thickness. A larger space than permitted in this specification con- 
tributes to cement solubility and failure of the restoration. Thus, a film thickness of 
30 » can be considered the maximal permissible space between the casting and the 
cavity. The desirable ranges of dimensional changes of castings which produce 5 
to 30 » space were calculated as shown in Table III. The inside dimension was 
considered for crowns, and its desirable change was calculated to be + (0.1~0.6) 
per cent. 


TABLE III. DestrRABLE DIMENSIONAL CHANGES (PER CENT) OF CASTINGS TO 
Fit ORIGINAL PREPARATION 
























































factors attecting the fit effect of |film desired 
of castings surface /|thickness | changes 
a roughness jof cement | of castings 
types of original to produce 
restorations size oe as 30 Va 5~30m space 
crown 10 mm +0.1 +0.6 | +(0.1~0.6)% 
med.-dis.| 10 mm +0.1 +0.6 +(0.1~ 0.6)% 
buc.<lin,| 3 m -0.3 -2.0 | -(0.3~2.0)% 
MOD 
inlays | medio-distal change of castings of 
-(0.3~2.0) bucco-lingual change + 0.5~=1.2% 
common desirable linit of mesio-distal 
and bucco-lingual changes +(0.1~0.5)% 
large 5 mm -0.2 -1.2 -(0.2~1.2)% 
internal) 
(simple) small 3 mm -0.3 -2.0 -(0.3~2.0)% 
inlays : 
common desirable limit of large and ; 
small internal inlays ~(0.5~1.2)% 
common desirable limit f d 
or crown and MOD inlays +(0.1~0.5)% 


( external inlays ) 





CONCLUSIVE | external(crown and MOD)inlays +(0.1~0.5)% 
DESIRED 
CHANGES internal(simple)inlays -(0.3~1.2)% 

















An MOD inlay should be larger in its mesiodistal inside dimension where the 
inlay grips the preparation from outside and smaller in its buccolingual outside di- 
mension where the inlay fits inside the preparation. Fortunately, the buccolingual 
shrinkage of the occlusal portion is always much larger than the mesiodistal shrink- 
age. This difference is explained by the following factors: (1) The wax shrinks 
from the mold walls approximately 0.2 per cent in a simple cavity (Part I). (2) 
The buccolingual shrinkage of wax in the connecting portion may become still 
larger by a mesiodistal stretching than the wax shrinkage in a simple cavity prepa- 
ration. The amount of such a change may differ in individual specimens, but it 
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may be set arbitrarily at 0.2 per cent. (3) The simple column casting shrinks over 
0.2 per cent more than the mesiodistal dimension of the MOD inlay during casting 
as proved in Table II. (4) By mesiodistal stretching during solidification, the bucco- 
lingual casting shrinkage may be made still larger than the shrinkage of the simple 
column, and the change can be set arbitrarily at 0.2 per cent. 

The changes due to these factors are approximately 0.8 per cent. The MOD 
inlay having the tolerated buccolingual change of —(2.0~0.3) per cent will have 
a mesiodistal change of — (2.0 ~ 0.3) +0.8= —1.2 ~ + 0.5 per cent. However, 
the tolerated mesiodistal change is + 0.1 ~ + 0.6 per cent. Thus, the MOD inlay 
having a mesiodistal change of + 0.1 ~ + 0.5 per cent will fit in both buccolingual 
outside and mesiodistal inside dimensions. This change of + (0.1 ~ 0.5) per cent 
is adequate also for crowns. 

The desirable range for simple or internal inlays was calculated for two types 
of inlays, large and small. The tolerance commonly desirable for all simple or in- 
ternal inlays was found to be as great as — (0.3 ~ 1.2) per cent. 


CALCULATION OF DESIRED TOTAL EXPANSION OF INVESTMENT 


In a satisfactory casting technique, the net dimensional change of a casting is 
the resultant of the following factors: (1) the size of the indirect dies, (2) the 
wax shrinkage in the cavity during molding, (3) the wax shrinkage by cooling 
from mouth to room temperature, (4) the investment expansion, and (5) the cast- 
ing shrinkage of metal. Some previous researchers took the wax patterns from 
the room temperature original preparations and tried the resultant castings on the 
same preparations or the stone dies from them to test the accuracy, or they tried to 
make an investment expansion equal to the casting shrinkage of metal. Such a 
project can give no direct contribution to the fit of clinical restorations. The fitting 
accuracy of clinical restorations can be estimated only by comparing the desired 
dimensional changes of restorations with the net changes calculated from the above 
mentioned five factors. The desired investment expansion can be known from them 
as well. 

Using previously designed inside and outside comparative measuring equip- 
ment,” the effective dimensional changes of representative indirect dies were meas- 
ured. The change of the dies made with Kerr’s Vel-Mix (a densite-type stone) in 
Coe-Flex (a rubber base material) impressions was approximately +0.1 per cent 
on the outside and 0 per cent on the inside. Dies poured with Kerr’s Diolite (a 
hydrocal-type stone) in Caulk’s Inlay-Jeltrate (an alginate material) impressions 
showed a change of approximately +0.3 per cent on the outside and +0.1 per cent 
on the inside. 

The calculation of the desired investment expansion is shown in Table IV. 
The direct technique for external restorations, such as crowns and MOD inlays, 
requires an investment expansion greater than 2.4 per cent. However, such a large 
expansion is not possible without using hygroscopic setting expansion which is 
undesirable due to the distortion of the patterns. Therefore, crowns and MOD 
inlays should be made preferably by the indirect technique. An investment of 2.0 
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per cent total expansion can generally be used for both rubber-densite and alginate- 
hydrocal indirect techniques for complex or external inlays (crowns and MOD 
inlays) as well as for the direct and rubber-densite indirect techniques for simple 
or internal inlays. Although the indirect technique is not generally employed for 
simple inlays, the 2.0 per cent total expansion investment may be used for most 
of the simple inlays made by the alginate-hydrocal indirect technique, since the dis- 
crepancy between 2.0 per cent and 1.9 per cent is small, and the average simple 
inlays are not so critical. 


The desirable investment expansion range for the direct technique for internal 
inlays is 1.4(—= 2.0 — 0.6) per cent to 2.3(—= 2.0 + 0.3) per cent if calculated for 
20° C. (room temperature). This means that a wax pattern 0.6 per cent smaller 
or 0.3 per cent larger than its size at 20° C. can make a successful inlay with an 
investment which has 2.0 per cent expansion. Consequently, this investment is 
generally adequate for the direct technique of internal inlays, regardless of the pos- 
sible room temperature change (from 0° C. to 35° C.) of dental offices. Thus, the 
investment having 2.0 per cent total expansion is ideal and can be used universally 
for small dental castings at any room temperature. 


DESIRED THERMAL EXPANSION OF INVESTMENT 


The ideal total expansion of investment is 2.0 per cent in which the ideal set- 
ting expansion is 0.05 per cent. Consequently, the ideal thermal expansion is 1.95 
per cent. However, such a large thermal expansion is very difficult to secure with 
the materials available. Therefore, some modified techniques must be established. 
The best method is to compensate for the lack of thermal expansion with a slight 
increase in the setting expansion. An experimental investment (developed by the 
Ransom and Randolph Company ) of 0.22 per cent setting and 1.80 per cent thermal 
(2.02 per cent total) expansion was used. When William’s Hard Inlay Gold was 
cast using this investment and using the mold described in Part I, the following 
data were secured : 


Specimens Crown U-form 
] —().04 —0.02 
2 0 —(0.05 
3 0 + 
+ —0.05 + 
5 —0.10 0 
Average —0.04% —0.01-+«% 


The specimens marked + « in the data were slightly loose on the original 
mold frame and could not be measured accurately. The setting expansion of 0.22 
per cent was larger than the ideal, but the distortion of U-form castings was still 
very slight. Probably, it is not clinically significant. The data indicate that all 
crowns and MOD inlays can be successfully seated on the original preparations if 
an indirect die expanding more than 0.1 per cent is used with this investment. 
These results again check the calculation of Table IV. 
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Another possible method to compensate for the lack of thermal expansion is 
by using a larger expanding indirect die. Hydrocal expands more than densite, 
some hydrocal expanding more than 0.5 per cent.** The use of such a high ex- 
panding stone may be preferable in alginate (irreversible) or reversible hydrocol- 
loid impressions instead of in rubber base impressions, since the rubber is stiffer 
and restricts the stone expansion. Using Technicol, an alginate impression mate- 
rial made by the G. C. Company in Japan, and Plastone, a hydrocal type stone made 
by the same company, the indirect die expands by 0.5 per cent in its outside and 


TaBLe IV. CALCULATION OF DEesIRED INVESTMENT EXPANSION IN PER CENT 









































types of restoration external(Crown and MOD)inlays| internal(Simple)inlays 
measured surface of castings inside outside 
technic tor making wax direct |rubber alginate | direct j|rubber alginate 
patterns from -densite |=-hydrocal| from -densite |-hydrocal 
mouth indirect | indirect | mouth indirect |indirect 
ao) Sees 

desired final change Al+0.1~0.5]+0.1~0.5|+U.1~ 0.5 Jol.2~0,3|-1.2~0.3/-1.2~0.3 
expansion ot working dies B +0.1 +0.3 0 +0.1 
wax change in mold C 0 0 0 -0.2 -0.2 -0.2 
wax change after removal D 0.3 0) 0 -0.3 0 10) 
casting snrinkage E|-1.90r2.0}=1.90r2.0]-1.90r2.0 =-2.1 -2.1 =-2.1 
desirea investment expansion 

A - ( BeCHD+EB ) = F/4+2.4~2.7/+2.0~ 2.3/+1.8~ 2.1 |+1.4~ 2.3} +1.1~ 2.0]}+1.0~1.9 

ne a al 

Desired investment expansion} 440000 leg 
for universal use + 2.0% 














by 0.3 per cent in its inside,® and an investment having a total expansion of 1.6 
per cent is adequate as calculated in Table V. (The cooling shrinkage of the direct 
wax pattern in the table was estimated for the room temperature varying from 


MC. te 35" C.). 


DEVELOPMENT OF NEW TECHNIQUE 


Using the results of this study, an accurate inlay or crown technique has been 
developed, and the results are summarized with recommendations in regard to the 
actual dental casting. 


RECOMMENDED MATERIALS AND TECHNIQUES 


External restorations, such as crowns or MOD inlays should be made by 
indirect techniques (rubber-densite’ or alginate-hydrocal®). Internal inlays can 
be made by either direct or indirect techniques. No change in the procedure is 
needed at different room temperatures, even for the direct technique. On indirect 
dies, paraffin wax is preferable to regular inlay wax except for very slender com- 
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plex inlays, and for them inlay wax is to be preferred in order to avoid distortion. 
A new soft inlay wax of a definite softening point slightly above room temperature 
would be desirable for general use in all indirect techniques. 

Softened wax should be press-molded on preparations and held under pressure 
until completely hardened. Use of molten wax should be minimized. The patterns 
should be invested as soon as possible. A warm water bath should not be used 
in the investing procedure. 

An investment having 2.0 per cent total expansion (such as the one used in 
this study) is recommended for general gold casting restorations. The ring should 
be lined with soft, dry asbestos thicker than 2.0 mm., fixing it with a few drops 


TABLE V. CALCULATION OF DESIRED INVESTMENT EXPANSION IN Per Cent WITH 
InptrEcT Dies oF A LARGE EXPANSION 














types of restoration external internal 
inlays inlays 
technic for making wax alginate |direct alginate 
patterns hydrocal |from hydrocal 
indirect |mouth indirect 
desired final change A/+0.1~0.5 j=1.2~0.3/-1.2~0.3 
expansion of working dies B * 40.5 _ +0.3 
wax change in mold C 0 -0.2 0.2 
wax change after removal D 0 O~ 0.5 0 
casting shrinkage E|-1.9~2.0 -2.1 =-2.1 





desired investment expansion 
A= ( BHCHDHE ) = Fi+1.6~1.9]4+1.6~2.0/+0.8~1.7 











desired investment expansion 


for universal use + 1.6 S| 














of molten paraffin. The liner should be covered with cocoa butter or petroleum jelly 
to prevent water sorption. Another investment having smaller expansion can be 
used with an indirect die of larger expansion. The detail of technical procedure of 
this system will be described in another article. 


RESULTS OF NEW TECHNIQUE 


This technique was used on practical types of preparations made in extracted 
teeth. Ten types of cavities were prepared representing the following typical clini- 
cal cases: small simple Class I, large Class I, simple Class II, Class 1V, complex 
Class II, MOD, 3/4 crown, 4/5 crown, small full crown, and large full crown. 
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Fig. 1. 





Fig. 2. 


Fig. 1—The castings made using the rubber-base-densite indirect technique fit the original 
preparations with extreme accuracy. 

Fig. 2.—The castings made using the alginate-hydrocal indirect technique again fit the 
original preparations excellently. 





Fig. 3.—The castings were made using the direct technique. These castings fit accurately 
when replaced on the original preparations. 
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The rubber base-densite indirect technique*® was employed using Coe-Flex rub- 
ber base and Vel-Mix stone. All castings showed excellent fit on the original 
preparations (Fig. 1). The alginate-hydrocal indirect technique? was used with 
Inlay-Jeltrate alginate and Diolite stone. All castings again showed accurate fit on 
all the original preparations (Fig. 2). Finally, the direct technique was tried for 
the four simple type preparations. The patterns were made on preparations warmed 
in a mouth-temperature water bath and invested at a room temperature of 21° C. 
All castings fit excellently (Fig. 3). 


Thus, this technique produces consistently successful results with no distortion 
regardless of different types or bulkiness of the wax patterns. The results, how- 
ever, must not be transposed directly to larger dental castings, such as partial den- 
tures. Other variables unique to these restorations need further study. 


SUMMARY 


1. The effect of surface roughness on the fit of castings was approximately 
5 » using regular inlay gold alloys and modern investments of fine particle size. 
It was constant with a given metal, alloy, and investment. The softer metals pro- 
duced less effect of roughness than the harder alloys. 


2. The casting shrinkages of pure gold and four alloys of various forms and 
normal inlay size were determined. The variation of the shrinkage by varying 
pattern forms was greater in harder gold alloys and the Cu-Ni-Zn alloy than in 
softer gold alloys. The representative casting shrinkages of regular gold inlays 
were 2.1 per cent in simple inlays, 2.0 per cent for crowns, and 1.9 per cent for 
MOD inlays. 


3. The desired dimensional changes of castings are +(0.1 ~ 0.5) per cent in 
the insides of external restorations such as crowns and MOD inlays and —(0.3 ~ 
1.2) per cent in the outside of internal inlays. 


4. The desired investment expansions were determined for various types of 
restorations. The ideal total expansion of investment for universal use is 2.0 per 
cent, in which the ideal thermal expansion is 1.95 per cent since the ideal setting 
expansion is 0.05 per cent. However, such a large thermal expansion is difficult 
in commercial production. Two possible modified means were suggested. One 
method for compensating for the lack of thermal expansion is by a slight increase 
of the setting expansion. Another technique is by means of a large expansion of 
indirect dies using alginate and a high expanding hydrocal. 

5. Using an investment having 0.2 per cent setting and 1.8 per cent thermal 
expansions, a new system of precision dental casting restoration was developed. 
This technique produced consistently successful results on various types of prepara- 
tions made in extracted teeth with no distortion or inconsistency. The investment 
can be used universally in the indirect technique for external inlays and both the 
direct and indirect techniques for internal inlays. 


Professor Ralph W. Phillips, Indiana University, gave many constructive consultations and 
extensive help and kindly reviewed this article repeatedly. The assistance given by his staff 
is also greatly appreciated. The experimental investments were developed by the Ransom and 
Randolph Company (Mr. T. E. Moore and Mr. J. S. Shell). The gold was loaned by the 
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William’s Gold Refining Company (Dr. G. A. Hiatt). The National Bureau of Standards 
(G. C. Paffenbarger, M. T. Sweeney, and J. W. Stanford), Washington, D. C., permitted the 
use of their measuring equipment to check the investment expansion. This study was possible 
only because of all this important assistance. 

The Fulbright and Smith-Mundt Grants which gave the author the opportunity to do this 
work in the United States are also appreciated. 
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RESEARCH 


A METHOD OF STUDYING THE INFLUENCE OF OCCLUSAL 
SCHEMES ON MUSCULAR ACTIVITY 


Jupson C. Hickey, D.D.S., M.S.,* James A. Kremer, D.D.S.,* Cart O. BoucHERr, 
D.D.S.,** anp Orto Storz*** 
The Ohio State University, College of Dentistry, Columbus, Ohio 


“| gegen OCCLUSAL SCHEMES for complete dentures are one of the most con- 
troversial topics in prosthodontics. Many investigations designed to test 
various factors associated with different occlusal arrangements have been reported. 
Thompson,' Blanchard as reported by Hardy,? Payne,? and Trapozzano and Laz- 
zari* tested chewing efficiency ; Kaires® tested occlusal surface contacts ; Stromberg® 
and Frechette’ tested the magnitude of denture base forces against the supporting 
tissues. It was thought that further information might be gained by testing the 
effect of different occlusal schemes on the relative cellular activity of the muscles 
controlling mandibular movement as measured electromyographically. 

Cellular activity is accompanied by the production of a small amount of elec- 
trical activity called an action potential. This action potential is so small that it 
is measured in terms of microvolts. It is because of this phenomenon of electrical 
activity that electromyography is possible. If the potential is recorded from heart 
muscle, it is called an “ECG” or an electrocardiogram. If it is from brain tissue, 
it is called an “EEG” or an electroencephalogram. If it is from muscle tissue, it is 
called an “EMG” or an electromyogram. 

Electromyography deals then with the recording of the electrical activity of 
muscles. The minute voltages are obtained from the muscle by placing electrodes 
over the muscle area or directly into the muscle itself. The potential from the 
muscle is amplified many, many times and can then be recorded by one of several 
electronic instruments. 


METHODS 


Dentures were constructed in such a manner as to permit the interchange of 
the different occlusal schemes on the same denture base (Fig. 1). Methods similar 
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Fig. 4.—Records of the electrical activity of the muscles tested were made on a 6 channel 
Grass Model 5P3 Polygraph with integrators. 
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Fig. 5.—A record made during mastication compares integrated to nonintegrated electrical 
activity. A is the integrated activity at A’, and B is the integrated activity at B’. Note the 
apparent quantitative difference between A and B and A’ and B’. This difference is present be- 
cause the penmotors cannot follow the high frequencies at B’, but when the electrical activity is 
integrated, the penmotors are able to follow the activity (B). 
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to those described by Trapozzano and Lazzari* were followed except that gold 
was used for the metal bases. 

Three different occlusal schemes were used. They were: (1) an anatomic 
occlusion using 33-degree posterior teeth set with a compensating curve, (2) a 


Fig. 6. 
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Fig. 7. 


Fig. 6.—A polar planimeter is used to measure the areas under the curves. 

Fig. 7.—The surface electrode (circular disk) is used to record activity from superficial 
muscle regions. The curved needle electrode is inserted intraorally into the external pterygoid 
muscle, while the straight needle electrode is inserted extraorally. 


nonanatomic occlusion using 0-degree posterior teeth with a balancing ramp, and 
(3) a semianatomic occlusion using modified 20-degree posterior teeth set with a 
reverse curve on the bicuspids and first molars, with the second molars set to main- 
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tain balancing contacts (Figs. 2 and 3). All test dentures were constructed with 
bilateral balanced occlusion. 

The dentures were constructed on a Hanau Model H articulator. The casts 
were mounted by means of a face-bow record and a plaster interocclusal centric 
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Fig. 8.—A typical integrated electromyogram made while chewing a piece of unvulcanized 
rubber with one of the test occlusal schemes, 


relation record. The condylar guidances were adjusted by means of a wax inter- 
occlusal protrusive record. All occlusal corrections following the completion of 
the dentures were made on the articulator. The same mountings were used for all 
occlusal schemes. 

The subjects used each occlusal scheme a minimum of three weeks before 
recordings were made. First, the anatomic occlusal scheme was worn by both 
subjects, and any denture border overextensions were corrected. No further ad- 
justments were necessary when the other occlusal schemes were worn. 

All records were made using a Grass Model 5P3 Polygraph with integrators 
(Fig. 4). The integrators summate (add up) the positive and negative potentials 
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to give a smooth curve of activity rather than the usual spiked record (Fig. 5). The 
areas under the curves are indicative of the amount of electrical activity present 
and can be measured accurately by the use of a polar planimeter (Fig. 6). Integra- 
tion also permits the penmotors to follow the high frequency activity with at least 
a fair degree of reliability. The five point generalized reference was used.® 
Surface electrodes were used to record the activity from the anterior, middle, 
and posterior portions of the left temporal, the left masseter, and the left digastric 
muscles. Needle electrodes were used to record the activity from the left external 


ANT TEMP | MID. TEMP |POST. TEMP | MASSETER | EXT. PTER. 
OCCLUSAL 


SCHEME PATIENT #1: 


LEFT LEFT IRIGHT | LEFT [RIGHT | LEFT | RIGHT | LEFT [RIGHT 
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Fig. 9.—The mean of the measured activity for the muscles tested using the different 
occlusal schemes is expressed in units of the polar planimeter (hundredths of a square inch). 
Each mean is made up of twenty measurements. Left and right refer to the side on which the 
chewing was done. The electrodes were attached on the left side. The light areas indicate the 
occlusal scheme in use when the given muscle exhibited the least electrical activity as compared 
with the other two schemes. The moderate areas indicate the next greater amount of activity, 
and the darkest areas indicate the occlusal scheme in use when the greatest activity was seen. 


pterygoid muscle (Fig. 7). Methods of electrode placement were described pre- 
viously.” Intraoral needle electrode placement was used first. However, difficulty 
was encountered with the use of the intraoral needle electrode because of inter- 
ference with the distal border of the lower denture during mastication. The distal 
border was shortened slightly to eliminate this contact. The extraoral placement 
of this electrode prevents such interference. 

Unvulcanized rubber in 0.5 Gm. portions was used as the test chewing ma- 
terial because it maintains its consistency and is resistant enough so as to require 
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moderate effort when it is chewed. This material was used in preference to com- 
monly used test foods such as peanuts and carrots because when actual food is 
chewed, it will not remain constant throughout the test. 

Recordings of the electrical activity from the aforementioned muscles were 
made as the subject chewed alternately on the left and right sides with each of the 
three test occlusal schemes (Fig. 8). Thus, the records were obtained using the 
same denture base for all occlusal schemes, at the same subject sitting, and with 
the electrode positions unchanged for all tests and recordings. 

Twenty curves of integrated activity of each selected muscle were measured 
for each occlusal scheme tested. These measurements were made of records for 
chewing on both the right and left sides. Thus, a total of 600 such measurements 
were made for each subject. 

The complexity of the actions of the suprahyoid muscles and the muscles of 
the tongue during mastication and deglutition make an accurate analysis of the 
activity recorded from the site of the digastric muscle extremely difficult, if not 
impossible. Therefore, no attempt was made to measure these records. 


RESULTS 


The mean of the measured activity for the muscles tested using the different 
occlusal schemes is shown in Fig. 9. It can be seen in both subjects (except for 
the posterior portion of the temporal muscle for subject No. 1) that there is more 
activity from the muscles when the chewing is done on the side on which the elec- 
trodes are attached. 

The recordings within the individual subjects themselves are relatively constant. 
However, in comparing the recordings of the different subjects, more variations are 
observed. Subject No. 1 shows consistently the least activity for all muscles with 
the nonanatomic occlusal scheme. The greatest activity in most instances is with 
the reverse curve occlusal scheme. Subject No. 2 shows the least activity with 
the reverse curve occlusal scheme and slightly more with the nonanatomic than 
with the anatomic occlusal scheme. The external pterygoid muscle activity was 
found to be relatively constant for all occlusal schemes for both of these subjects. 


DISCUSSION 


Previous work with electromyography has indicated the critical nature of 
electromyographic recordings. This sensitivity of the recording mechanism made 
it essential that the occlusal schemes all be used on the same denture base and that 
recordings for each subject be made at one session. Even slight differences that 
might exist in duplicate denture bases or from even slightly different electrode loca- 
tions at different sessions might significantly influence the results. Also, no records 
were made while any soreness existed in the mouth. Such soreness might influence 


jaw movements and muscle function. 

It is impossible to compare muscular activity of different subjects quantitatively 
because of different chewing habits, muscle size and tone, different electrode place- 
ment, etc. However, it would be significant if certain occlusal schemes affected 
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muscular response of a large number of subjects either in the amount of electrical 
activity produced or in the sequence of muscular contraction. 

All that can be said after testing only two subjects is that they responded 
similarly within themselves but they responded differently when compared to each 
other. A much larger sampling is necessary to draw any valid conclusions regard- 
ing the affect of chewing surfaces on jaw movement. 


SUMMARY AND CONCLUSIONS 


A method of comparing the relative muscular activity of selected mandibular 
muscles when different occlusal schemes are used has been described. 

During the course of this investigation the following conclusions have evolved: 

1. Electromyograms made during mastication can be measured accurately 
when the electrical activity is integrated. 

2. Unvulcanized rubber used as a test “food” gives consistent, measurable 
records. 

3. Recordings from the site of the digastric muscle made during mastication 
and deglutition are difficult to analyze. 

4. The interference between the denture base and the internally inserted needle 
electrode can be avoided by extraoral insertion of the electrode. 

5. The data obtained indicate that valid information can be obtained from a 
sufficiently large number of subjects tested by this method. 

6. The time required for doing the necessary preliminary work makes it desir- 
able that other investigators make similar tests. 

We wish to thank Dr. M. L. Allison, Chairman, Department of Oral Surgery, College of 
Dentistry, for inserting the extraoral needle electrodes; Dr. Constantine Cavalaris, Public 


Health Service Research Student; Mr. Lloyd Rinear, Electromyographic Consultant; and Mr. 
John Sheldon, Laboratory Technician, Coilege of Dentistry Dental Laboratory. 
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CLEFT PALATE PROSTHESIS 


Howarp J. MerRKELEY, D.D.S., M.D.S. 
Winnipeg, Manitoba, Canada 


igen DESIGNING AND PLACING of an adequate obturator must be based upon an 
exact knowledge of the location and action of the muscles of the upper throat. 
Their sphincter action that can close the curtain tight between the nose and mouth, 
and the necessity for this more or less air-tight partition must be appreciated. The 
closure is, of course, for the purpose of making, as required, practically all of the 
expired air available for use by the tongue and lips for articulate speech. All con- 
sonants, except M/, NV, and NG, demand closure for proper pronunciation ; vowels do 
not demand a firm closure of the partition. 

Muscle action in cleft palates varies from that in normal palates. The stimuia- 
tion of the velar remnants and the superior constrictor muscle of the pharynx, 
brought about by the effort of the cleft palate patient to speak, may sometimes en- 
able them to almost wall off the nasopharynx from the oropharynx. This is espe- 
cially so in the older age group who have a fairly high I.Q. The young are not so 
fortunate. 


ANATOMY 


The shape ot the pharyngeal space at the level of the atlas is a flattened ellipse, 
bounded posteriorly and laterally by the superior constrictor muscle of the pharynx. 
In the lateral corners, it is bounded by the salpingopharyngeus and the palati-ten- 
sor muscles. These anterior muscles tend to pull the palatal curtain away from the 
pharyngeal wall. The levator muscles of the palate tend to raise and pull the soft 
palate curtain into apposition with the pharyngeal wall. 

The normal soft palate of an adult has a range of about 15 mm. of movement. 

In speech, as the levator muscles raise the soft palate and swing it backward, a 
series of contracting waves ascend in the superior constrictor muscle of the pharynx 
and culminate at its upper border in a bar which points forward and slightly up- 
ward. These waves are instituted by a muscular band, the palatopharyngeal sphinc- 
ter, which passes from the inner aspect of the upper part of the superior constrictor 
muscle to the palatal aponeurosis. Below the bar, there is a raised pad of tissue 
bulging forward, usually one half as far as the bar. It would seem wise to differen- 


Received for publication May 5, 1958. 
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tiate between the bar and the pad. The terms bar, ridge, pad, and cushion have been 
used interchangeably and have carried the name of the German anatomist, Passavant. 

The bar projects 6 mm. forward from the posterior pharyngeal wall in some 
mouths ; in others it may be 10 mm. or more. The space remains patent above the 
bar, the surface being covered with the pharyngeal aponeurosis. Generally, the 
postpharyngeal wall is passive to irritation, but not so the posterior ends of the 
velar remnants. Slight irritation in this region often induces gagging. 

In cleft palates, failure of the velar remnants to contact Passavant’s ridge will 
leave a long narrow crack in the curtain between the nose and the mouth, and so 
produce speech defects even though the median cleft has been closed. Likewise, an 





Fig. 1—A lateral head roentgenogram indicates the relation of Passavant’s ridge and 
cushion to the tubercle on the anterior body of the atlas. A, The wire outlining the ridge and 
cushion. B, The anterior body of the atlas. 


obturator must make contact with Passavant’s ridge and also, preferably, with part 
of the Passavant cushion. In other words, the obturator must be so designed that 
the velar remnants will swing it upward and back so as to contact the postpharyn- 
geal wall where the wall bulges forward as Passavant’s ridge and cushion. 

In an effort to study Passavant’s ridge and cushion, two approaches were made. 
Slow motion pictures were made of the throats of two cleft palate patients, one aged 
45 and the other 65 years. Then, to relate Passavant’s ridge and cushion to the 
atlas, roentgen-ray head plates were made while a wire that was bent to pattern the 
ridge and cushion was held in the correct position, and thus fitted over the tissue it 
outlined (Fig. 1). This disclosed the Passavant ridge as extending forward from 
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the tubercle on the body of the atlas. Finally, a number of dissections of cadavers 
and fresh fetuses were made, and each of the different tissues were painted a sep- 
arate color. Then these were photographed. 

With the information thus obtained, we were ready to proceed with the de- 
signing and making of an obturator. The suggestions made by Malson! seemed to 
offer more hope of success than most previous designs. We have had good success 
with his hinged sliding obturator even when used for adults with various classes of 
clefts in the palate. 


PROCEDURE 


The technique is a modification of that previously used for making obturators. 
It was developed with a view to the conservation of chair time. The laboratory tech- 
nician can do most of the detail work. 

The mouth and throat are examined carefully, and the muscle movements are 
noted. A millimeter rule is used to measure the extent of the projection of Passa- 
vant’s ridge, and this is noted on the chart. The rule is placed above the ridge when 
this measurement is made. A stock tray of suitable size is chosen, and a modeling 
compound extension is added to the palatal border until it approaches the post- 
pharyngeal wall, but lacks contact with it by about 10 mm. An alginate (irreversi- 
ble hydrocolloid) impression is made in this tray. A cast is poured, and an acrylic 
resin tray is made over a spacer. The tray should be perforated and extended be- 
yond the edges of the velar remnants. It should not approach the postpharyngeal 
wall closer than 8 mm. 

An accurate impression of clefts in the palate can be made in a very simple 
manner. A platform of acrylic resin or shellac baseplate material that will pass up 
through the cleft is made. Two large flat metal heads on small shanks are attached 
to the top side of the platform. A large square metal staple which extends down- 
ward at least 10 mm. is fastened into the under side of the platform in a bucco- 
lingual direction. A slot is cut through the tray to accommodate the staple, and the 
platform is positioned on the tray with the staple in the slot. Softened modeling 
compound is formed over the staple where it protrudes through the tray. The staple 
is lifted out of its slot and then fitted in and out a few times while the modeling 
compound is still soft. Thus, the platform will separate readily from the tray. The 
modeling compound is then sealed to place. 

The completed tray now has a palatal extension upon which is superimposed a 
platform with two large flat heads extending upward and supported in place by a 
large square staple that extends downward through the tray extension into model- 
ing compound to steady it. The platform should rest about 4 mm. above the tray 
(Fig. 2). 

Before the final impression is made, the spot where the velar remnants show 
movement on the anterior edge of the cleft and the tissue just above Passavant’s 
ridge are marked in indelible pencil. A mark placed directly on the ridge would 
mean that the pencil marks would be at least 5 mm. too iow when the tissues are 
relaxed. 
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An alginate impression material is used for the final impression. The impres- 
sion material is mixed and the cleft is partly filled by means of a forefinger or tongue 
depressor. Then the loaded tray with the platform in place is seated in position in 
the mouth. The head is tipped forward until the chin rests on the chest, and then 
swung from side to side a number of times. Usually, the impression can be re- 
moved as a single unit ; however, if it should split, the now exposed staple is an ex- 





Fig. 2.—An acrylic resin tray with a detachable platform. A, The platform carries the im- 
pression material up through the cleft. B, The platform is attached to the perforated tray. 





Fig. 3.—The alginate impression. A, The position of Passavant’s ridge. B, Pencil marks at 
the anterior point at which the velar remnants have movement. 


cellent handle to facilitate the removal of the remainder of the impression from the 
cleft (Fig. 3). The indelible pencil marks are freshened, and a split cast is poured. 
The joint in the cast should be located anteroposteriorly, just above the superior 
borders of the cleft, and the lower section should include the region of Passavant’s 
bar. The indelible pencil marks on the cleft borders are extended up over the edge 
onto the superior sides of the cleft. 
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A wax occlusion rin which carries any missing teeth and which serves as a 
holding appliance is constructed, and the usual steps are taken to prepare for a try-in. 
The occlusion rim is checked in the mouth, and the palatal extension is contoured to 
provide all of the tongue space possible. It should extend slightly laterally over the 
lower margins of the cleft. The length of the palatal extension is determined by 
placing it on the cast and adjusting the wax until it contacts the postpharyngeal wall. 





Fig. 4.—The nasal side of the lower half of the split cast. A, The stiff wire. B, The nasal 
surface of the split cast. C, The soft wax to form the slide for the sliding obturator. D, The 
modeling compound to hold the anterior end of the wire A. H, The indelible pencil mark which 
is a continuation of the pencil mark B (Fig. 3), marking the position of anterior movement of 
the velar remnants. N, The pencil mark locating Passavant’s ridge. The cast is perforated by 
wire A at this point. : 


Then the distal end of the palatal extension should be shortened by an amount 
equal to the distance Passavant’s ridge projects forward from the posterior pharyn- 
geal wall (as recorded) plus 3 mm. The posterior border of the palatal extension 
should form an arc of a circle, the center of which is the spot where a “T” post 
will be inserted later. It may be desirable to have the occlusion rim overlap the su- 
perior borders of the cleft to gain more retention. When the try-in is satisfactory 
for form and adaptation, the plane on which the obturator will slide is established. 
This plane should extend at the level of the superior edges of the cleft (at the pen- 
cil marks) to Passavant’s ridge. A hole is cut through the back of the cast at the 
median line so it opens just below the pencil mark designating Passavant’s ridge. A 
very stiff wire of small gauge is pushed through this hole until it is embedded into a 
piece of modeling compound which is placed so that the end of the wire enters the 
modeling compound on a level with the pencil marks on the upper edge of the cleft. 

Soft impression wax is adapted upon the palatal side of the occlusion rim so 
that it extends up into the cleft. With the wire in place in the cast, the rim is seated 
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on the cast. The wire will groove the soft wax (Fig. 4). The soft wax is carved 
with a warmed razor blade until the groove is obliterated. Thus, the plane for the 
sliding obturator is established. A cross bar of 16-gauge metal is soldered to one 
end of a post of 14-gauge round clasp metal to make a “T.” The cross bar should be 
at least 5 mm. long. A retention loop is soldered to the bottom end of the “T” bar 
so that it can be anchored in the finished appliance. This “T” is pushed down into 
the wax until it projects only a few millimeters at the median line of the slide plane 
just established, and crossways to the cleft. Also, it is inserted at a point correspond- 
ing to the pencil marks on the edges of the cleft. 





Fig. 5.—The design of the hinged appliance. A, The slotted aluminum plate on which is 
placed soft impression wax. The aluminum plate can swing laterally, slide forward and back, 
and raise slightly at the distal end. B, The palatal extension of the holding appliance. The 
hinged obturator slides on its flattened superior surface. The distal end forms an arc of a circle, 
the center of which is C. Thus, the downward extension of the hinged part of the completed 
obturator can swing laterally. C, The “T” post is anchored in the holding appliance B. 


The wax-holding appliance is processed in acrylic resin, and a piece of alum- 
inum plate, roughly the size and shape of the sliding plane carrying the “T,” is con- 
structed (Fig. 5). The aluminum plate has a slot at least 6 mm. in length cut mesio- 
distally through the anterior portion to accommodate the “T” bar. The aluminum 
plate is seated on the “T” in the holding appliance and tried in the mouth. It is 
trimmed until it does not irritate the tissues at the sides of the cleft. The top of the 
aluminum plate is marked to facilitate trimming. 


THE IMPRESSION FOR THE SLIDING OBTURATOR 


The underside of the aluminum plate is lubricated with petroleum jelly, and 
two thicknesses of soft impression wax are added to the top side. It is then put 
into place on the holding appliance in a forward position. The soft wax is adapted 
over the “T” bar to hold it forward, and wax is added to the distal end of the ob- 
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turator so that it extends down over the end of the holding appliance. This will cor- 
rect the posterior extent in case it was shortened too much previously. 

The entire restoration is placed in the mouth, and the exact and proper form 
of the pattern for the obturator is developed as the muscles mold a soft impression 
wax when certain words and letters are sounded. The patient is instructed to blow 
hard, then say “ah” a number of times, then pronounce the consonants explosively, 
then swallow, and then carry on a conversation. The entire exercise is repeated. 





Fig. 6.—The completed obturator. The downward extension of the hinged member A ex- 
tends over the distal end of the holding appliance. 


The restoration is removed from the mouth, and the obturator is moved to a 
distal position and fixed there by pressing the impression wax down over the “T” 
bar. It is reinserted in the mouth, and the speech exercises are repeated as before. 
The restoration is removed from the mouth, and the wax is freed from the “T” 
bar so the obturator pattern can slide freely in all directions. It is reinserted in the 
mouth, and the molding is completed by repeating the exercises and by having the 
patient swallow a few mouthfuls of water. 

When there is no irritation to the throat and the restoration is comfortable, the 
wax impression is chilled with ice water, and the entire assembly is removed. The 
sliding obturator is processed in acrylic resin with a hinge, the wing of which is 
slotted to engage the “T” bar on the plane on the holding appliance. The obturator 
must be short in front of the slot in the hinge leaf so that the levator muscles can 
lift its distal end sufficiently. 

The holding appliance is placed in the mouth and checked for a possible lack of 
contact of the palatal extension with the velar remnants. To make a correction, it 
is better to add impression wax to the sides of the palatal extension and have the 
patient form the wax by sounding the consonants explosively, by blowing through 
the lips, and by saying “ah.”’ This exercise is repeated a number of times, and then 
the patient is engaged in conversation until there is no gagging or irritation and the 
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restoration is comfortable. The wax is chilled with ice water, and the restoration is 
removed. Any wax that interferes with the free movements of the sliding hinged 
member is removed, and the hinge part of the appliance is processed (Fig. 6). 

It is sometimes advisable to use petroleum jelly on the sliding plane. This 
will assist in preventing air leaks and make for freer movements of the obturator. 
After the finished appliance is inserted, the patient must be taught to speak, and 
older patients must be helped to overcome some habits of the tongue and lips that 
they had established when the cleft was open. These procedures call for patience 
on the part of someone competent to instruct the patient to use the appliance 
properly. 
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MISCELLANEOUS 


CRIMES IN SCIENTIFIC WRITING* 


Ropert V. Kesiinc, Pu.D** 
University of Michigan, Ann Arbor, Mich. 


M* NAME Is Epitor. I am a word detective. Down at headquarters they call 
me in to force the truth from delinquent manuscripts. It isn’t easy. I meet 
them all—the hardboiled clichés, the crooked constructions, the violent adjectives, 
pronouns from off the streets, and misspellings from the waterfront. My job is to 
bring to justice these thieves of logic and killers of meaning. 

During a protracted period of criticizing term papers and theses and a brief 
interval of editing articles for a scientific journal, I have become familiar with 
the underworld of scientific writing. Strange deeds are done, apparently without 
motive. My most difficult beat is through my own paragraphs. Danger lurks in 
every statement. 

Recently, when half the verbs were mugged in one article, even the Chief be- 
came alarmed. He called us into his office. “Men,” he said, “the reading public 
must be protected. Let’s get to the bottom of this.” (Inasmuch as we were edi- 
tors, there was naturally no mention of monetary reward.) Although preventive 
criminology Was new to us, we soon outlined a program. 

The best way to establish law and order, we decided, is to swear in a junior 
staff of young authors, each trained in detection of errors. As exercises, I offer 
them the following grammatical mysteries from my case book. 

1. The Case of the Ambushed Antecedent. So many antecedents have turned 
up in the morgue that headquarters has a standing rule to investigate every pro- 
noun. Unless he can prove that his antecedent is alive and well, the pronoun is 
brought in for questioning. “It” is a chronic offender. In the examples below only 
scientific names have been changed to protect the not-so-innocent. Can you solve 
these problems? 

The shell has a rough texture, but it is possible that part of it is adhering matrix. 

The dorsal shield is separated by a shallow groove from the ventral. This part of the 

shell is very thin. 


One of the remarkable features of the immature shell is its spinose ornamentation. They 
are long, hollow, and fragile. 


Reprinted from Turtox News, 36:274-276, No. 12, Dec., 1958, courtesy of the publisher, Gen- 
eral Biological Supply House, Inc., and the author. 

*Any resemblance to scientific articles, living or dead, is purely coincidental. 

**Curator of Micropaleontology, Museum of Paleontology. 
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2. The Case of the Pendent Participle. Participles have been found hanging 
in some of our otherwise respectable sentences. Their author had been off guard 
for only a moment. Tragedy struck. 
Removing the carapace carefully, all of the appendages lay in close association. 
Having a deep constriction between the cephalothorax and abdomen, the classification of 
this arachnoid. .. . 
Varying from .72 to .76 mm., the average length was found to be .74 mm. 
Knowing the nature of their thoracic appendages, these minute malacostracans can be 
readily separated into orders. 
The following gave us some anxious moments before we reached the end of the sentence: 


A broad stripe commonly found in young specimens running from one end to the other 
disappears before the adult stage. 


3. The Case of the Corrupted Comparative. Although it is obviously illegal 
to use “more” and “most” or the terminations “-er” and ‘‘-est’”’ with certain ad- 
jectives, there are many violators. The common uncomparable adjectives include 
absolute, basic, complete, contemporary, devoid, empty, entire, essential, final, 
full, ideal, impossible, perfect, possible, pure, sufficient, superior, and unique. One 
can say of a specimen that it is more nearly perfect than another, but not that it is 
more perfect. In addition, the nouns and adverbs related to these adjectives cannot 
be compared. 

Measurements are absolutely essential to determine ... . 

Such an utterly basic approach... . 

We regard these in their fullest entirety .... 

To more completely observe the action... . 


4. The Case of the Fabulous Fact. By strange English interpretations, the 
upright Dr. Fact can become the sinister Mr. “Fact” with an entirely different 
personality. Dr. Fact is true, undeniable, definite. He is above reproach or ques- 
tion. But Mr. “Fact” is a confidence man who impersonates such law-abiding words 
as “probability,” “indication,” “theory,” “statement,” and “assumption.” Here 
is his handiwork: 

The facts listed by Brown should be studied critically, to determine if they are biased. 

This fact can only be confirmed by statistical studies. 

We decided to use acetic acid, in spite of the fact that it might conceivably corrode the 

thin lamellae. 

Our study supports the fact that classification need not be based on surface sculpture. 


5. The Case of the Importunate Impossibility. Some of these maniacal boners 
successfully elude the editor’s blue pencil and take refuge in print, from where they 
continue their depredations. 


This specimen is one of six others found by the writer. 

The formation exposed here is not certainly identified, but may possibly be part of the 
Haybesee formation. 

The ends of the spines are 2 mm. long. 

The average length is about 25 mm., but it varies greatly. 

Certain crabs spend all of their lives in empty gastropod shells. 
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KESLING 


6. The Case of the Paralyzed Parallel. Many good compound sentences, 


predicates, and objects are led astray by nonparallel constructions or by comparison 
of features in different categories. They lose all feeling. 


In the pedicle valve, the hinge is formed by long teeth but by deep sockets in the brachial. 
(Solution: The hinge is formed by long teeth in the pedicle valve and deep sockets in the 
brachial.) 

On the dorsal side the carapace is convex and tuberculate, but the surface is flat and 
smooth on the ventral side. (Solution: The dorsal side of the carapace is convex and 
tuberculate, but the ventral is flat and smooth.) 

The eyes are extremely large, but the thorax is much constricted. 
sentences. ) 


(Solution: Two 


7. The Case of Worldly Wordiness. A few years ago, a group of evil scien- 


tists were found to be corresponding in a new language. 


Our cryptographers 


finally broke up the nefarious ring when an English translation was intercepted 
in an abstract. The glossary in Table I will enable you to read most works coded 


in “‘Sciench.” 


TABLE I. GLOSSARY OF TERMS IN THE “SCIENCH” CODE 


“SCIENCH” 


Our research, designed to test the fatal 
effects of XXX on dogs, was carried out by 
intravenously introducing the drug. In the 
experiments, a relatively small quantity, 3 
cubic centimeters, was administered to each 
animal. In each case, XXX proved to be 
fatal, all dogs expiring before a lapse of 
five minutes after the injection. 


A method, which was found to be expedi- 
ent and not very difficult to accomplish and 
which possessed a high degree of accuracy in 
its results, was devised whereby... . 


The quantitative findings reported by 
Smith were analyzed and seemed, according 
to our interpretation, to contain significant 
inconsistencies. Our reasons for attaining 


this diverse opinion are... . 


Of the utmost importance is the need to 
examine quantitatively the various instars 
which have not reached maturity, in order 
to evaluate and determine the validity of the 
theory advocated by Przibram. 


One might well be censured for so tena- 
ciously propounding this hypothesis in view 
of the weight of evidence to the contrary. 


ENGLISH TRANSLATION 


The intravenous injection of only 3 c.c. of 
XXX _ kills a dog within five minutes. 


An easy, accurate way to. . 


We think Smith’s measurements are wrong 
because . . 


To test Przibram’s theory, all immature in- 
stars must be measured. 


I was wrong. 
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8. The Case of the Affluent Affectations. Be quick on the draw with your 
blue pencil when you see a morphological feature beset by sentimental, bespangled 
adjectives. They are robbing it of all significant size and shape. 
This exotic little species is characterized by a gracefully curving spine and by exquisite 
coloring. As seen from above it presents a truly gorgeous aspect. It is even more beautiful 
ee 

9. The Case of the Topsy-turvy Topic. A paragraph which veers from this 
subject to that is up to no good. Take it into custody immediately. 

10. The Case of the Spureous Spelling. Did you apprehend this one? The 
word, of course, is spurious. Other counterfeit spellings can be thwarted by an 
up-to-date dictionary. 

You did remarkably well, gentlemen. You are each awarded a good grammar 
badge and a license to write. 

Attention, author-detectives! Arrest all malefactors in your first draft, bring 
them to the bar of justice, and give them proper sentences. That is all. 

MUSEUM OF PALEONTOLOGY 


UNIVERSITY OF MICHIGAN 
ANN Arsor, MICH. 











BOOK REVIEWS 


PROGRESSIVE PRACTICE IN DENTISTRY, ed. 3. By Edward Samson, F.D.S., R.C.S. 
(Eng.), F.C.S., New York, 1956, Philosophical Library, Inc. Pp. 328, indexed. Price $7.50. 


The author, an Englishman, has written an excellent and inclusive book on the art, the 
science, and the manners of dental practice in his country. Broad in its treatment of the sub- 
ject, the volume has universal value and interest, obviously the objective of the writer. 

Presented in sixteen chapters, it is well organized in the consideration of all phases of the 
profession: choice of locality and type of practice, office arrangement and administration, the 
laws and ethics of dentistry, relationship with patients, dealing with special patients, the National 
Health Service, financial aspects, office records, insurance, partnerships and associations, and 
women in dental practice. The material on the National Health Service is concise and very 
informative. 

The simple and easy style of the author makes the reading of the book a real pleasure. 
Printed in clear type and published in modest and substantial binding, it is an attractive volume. 

Although not encyclopedic in character, the book gives splendid coverage of the matters of 
general interest to dentists everywhere and contains much information of particular value to 
dental students. It is recommended earnestly for reading and study by practitioners and under- 
graduates, and as a very practical addition to the libraries of both groups. 


Neal A. Harper, D:D:S., M.S., LEM. 


INTRODUCTORY PSYCHOSOMATIC DENTISTRY. By John H. Manhold, Jr., D.M.D., 
M.A., New York, 1956, Appleton-Century-Crofts, Inc. Pp. 193, indexed. Price $5.00. 


Dr. Manhold has produced an arrestingly interesting book on the emotional-dental relation- 
ship, a subject to which relatively little attention has been given to date. Such important ad- 
vances have been made in psychosomatic medicine that physicians have generally accepted it, 
realizing that somatic illness accounts for a great many cases presented for treatment. It is 
the author’s purpose to establish an empirical basis for applying the psychosomatic concept to 
dentistry, and to explain its practical application. 

Written in two parts and divided into six chapters, it contains numerous graphs and tables 
which contribute substantially to the clarity of the text. The list of references for suggested 
reading is excellent and inclusive. The historical background and concept of psychosomatics, 
statistical methods, research results, and uses for the dentist are treated comprehensively and in 
such a manner as to encourage interest and application. Intelligence and personality considera- 
tions, establishment of confidence, approach to children, and the general handling of patients 
are discussed in a practical and enlightening way. 

The author regards his work as an elemental treatment of the subject; a demonstration of 
the importance to dentistry of psychosomatics. He has also sought to give some insight into the 
attitudes of patients regarding actual and imagined dental problems. He has succeeded com- 
mendably in both premises. 

Presented in clear type and excellent binding this book is recommended to teachers, stu- 
dents, and practitioners of dentistry for study and employment, and as a stimulus to further 
research in its field. 


Anita Wilson Harper, M.A., M.D. 
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COMPLETE DENTURE PROSTHESIS. By Daniel H. Gehl, D.D.S., and O. M. Dresen, 
D.D.S., Philadelphia, 1958, The W. B. Saunders Company. Pp. 542, 301 illustrations, in- 
dexed. Price $11.00. 


This textbook was prepared with an awareness of recent changes in techniques and inter- 
pretations of basic principles. The need for a book which utilizes this approach has been ap- 
parent for a long time. 

The style of presentation is direct and to the point, with clear evidence of the extensive 
revision of various sections. The material is well organized in the classical manner. Techniques 
and procedures are described in suitable detail, and the various steps may be easily duplicated. 
It is apparent that the authors have demonstrated their many years of teaching experience. 

The illustrations are sufficient in number to illustrate adequately the points under discus- 
sion. The printing has been done on a good grade of paper and the book is well bound. 

The authors should be especially commended on the manner in which the references have 
been arranged at the end of the various chapters. The direct references quickly establish the 
authority quoted, while the supplemental references are sufficient in number to provide for a 
good overview of related material. 

With the inherent inaccuracy of our present-day denture base acrylic resin materials, the 
chapter on “Converting the Wax Models Into Finished Dentures” is especially valuable in 
helping the practitioner to minimize the errors of processing. The chapter on the “Anomalies 
contains some very practical procedures which can be employed to 


of Jaw Form and Relations’ 
help solve these difficult cases. 

The authors should be congratulated on preparing a book which is extremely practical 
and which should prove to be an effective teaching manual for the student and an excellent 
reference book for the practitioner. 

Vincent R. Trapozzano, D.D.S. 


DENTAL PROSTHETICS. By Raymond J. Nagle, D.M.D., and Victor H. Sears, D.D.S., 
St. Louis, 1958, The C. V. Mosby Company. Pp. 532, 360 illustrations, indexed. Price $11.50. 


Worthwhile revitalization and enlargement have been accomplished in reweaving the old 
“Basic Principles” by Sears into a new book by two additional authors, Nagle and Silverman. 
It fulfills a definite need in bringing together as many fundamentals of complete denture pros- 
thodontics as possible, without attempting techniques per se. The illustrations, especially the 
anatomic drawings, are profuse and outstanding. 

Chapter one, “Functions of the Maxillofacial Structures,” sets forth, in very few pages, a 
broad physiologic approach to the prosthetic problem. The style is interesting; the subject 
matter is written along mature lines. As a reference book, it holds particular appeal to the 
practicing dentist and will help to correlate apparently different schools of thought. As an 
adjunct book for the dental student, it has splendid possibilities for adding background and 
alleviating confused thinking. 

Chapters cover anatomy, physiology, and histopathology, and fundamentals of diagnosis, im- 
pressions, the trial denture base (much abused, little written about), and other phases relative 
to physiologically sound restorations. 

Of considerable interest is the chapter on “Psychologic Consideration in Dental Prosthesis,” 
which is very much up to date, but not long enough! 

The book has not been written with which all will agree, but this is an excellent homogeni- 
zation of three fine writers ! 

S. Howard Payne, D.D.S. 








SEVENTH ANNUAL ESSAY CONTEST 


SPONSORED BY 
THE AMERICAN DENTURE SOCIETY 


Prizes will be awarded to the two senior dental students who submit the best essays on some 


phase of prosthetic dentistry in the seventh annual essay contest sponsored by The American 
Denture Society. The purpose of the contest is to stimulate technical writing by dental students. 


The first prize is Five Hundred Dollars ($500.00) and the second prize is Three Hundred 


Dollars ($300.00). 


10. 
U1. 
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RULES 


The contest is open to all senior dental students of the United States and Canada. 

Only two essays may be submitted from any one dental college. (It is recommended that 
each dental college conduct its own contest to determine the two best essays submitted by 
members of its senior class.) 

Essays are to be on some phase of prosthetic dentistry and limited to a maximum of 
3,000 words. The following topics are suggested: 

(a) Centric Relation and the Interocclusal Distance, 

(b) Registration of Mandibular Movements in the Construction of Complete Dentures, 

(c) Esthetics, 

(d) Diagnosis and Treatment for a Patient Requiring Unusual Prosthetic Services. 

Essays must be worthy of publication in THE JOURNAL oF PRosTHETIC DENTISTRY and must 
be prepared in a form which is satisfactory to the requirements of that JouRNAL. 

The original essay and one copy must be submitted for the use of the judges. 

Essays must be typewritten, double spaced, on a good grade of white bond paper 8% by 11 
inches. Paragraphs must be indicated clearly by indentations, and generous margins must 
be allowed on each page. 

Illustrations must conform to the standards of THE JoURNAL oF PRrosTHETIC DENTISTRY, if 
they are used. Only good glossy black and white photographic prints, or drawings in 
India ink may be used. Each illustration should be mounted on a separate sheet of paper 
with the figure number and the legend typed on the paper beneath the illustration. 

The form and punctuation of references must conform to the style used in THE JOURNAL 
OF ProsTHETIC DENTISTRY. The references must be keyed to the text material. 

The permanent address of the author must be at the end of the reference page. 

The student has a free range in the choice of topics within the broad interpretation of 
prosthetic dentistry. 

Essays will be judged on the basis of subject matter, neatness, composition, spelling, 
illustrations, charts and tables, number and accuracy of references, continuity of thought, 
and length of the essay. 

The judges of the contest are members of a committee of The American Denture Society. 
The decision of the judges is final. 

Essays are to become the property of The American Denture Society. None will be 
returned. 

All essays submitted to the contest shall be clearly marked “Contest Essay” and shall be 
accompanied by a letter from the professor of prosthetic dentistry and/or the dean of the 
dental college from which they originate. This provision is to assure the authenticity of all 
essays entered in the contest. 

Essays must be postmarked on or before July 15, 1959 and sent to: 


Dr. Victor L. Steffel 

Secretary, The American Denture Society 
College of Dentistry, The Ohio State University 
Columbus 10, Ohio 
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READERS’ ROUND TABLE 


APOLOGY TO MR. HARRY L. PAGE: 


Any personal references made about Mr. Harry L. Page in the exchange of viewpoints 
concerning Transographics in the section called Readers’ Round Table in the September- 
October, 1958, and the January-February, 1959, issues of THE JoURNAL OF PRrosTHETIC DENTIS- 
TRY were altogether unintentional. The editor and publishers apologize for any unfavorable and 
unfounded personal reflections upon Mr. Harry L. Page which crept into this exchange of 


opinions. 











NEWS AND NOTES 


MEETINGS 


American Dental Society of Europe, Stockholm, Sweden, July 7 to 10, 1959. 

Pacific Coast Society of Prosthodontists, Rickys’ Hotel, Palo Alto, Calif., Aug. 13 to 15, 1959. 

American Denture Society, Roosevelt Hotel, New York, N. Y., Sept. 11 to 12, 1959. 

American Academy of Implant Dentures, Hotel Plaza, New York City, Sept. 11 to 13, 1959. 
For further information, write to Dr. A. A. Kulick, 4720 Broadway, New York, N. Y. 

American Dental Society of Anesthesiology, Hotel Plaza, New York City, Sept. 12 and 13, 
1959. 

XVIth Congrés Francais de Stomatologie, Paris, France, Oct. 5 to 10, 1959. For further in- 
formation, write to the Secretary General, Dr. R. Bataille, 43 Rue de la Chaussée d’Antin, 
Paris 9, France. 


ANNOUNCEMENTS 


Reprints of the “Glossary of Prosthodontic Terms” may be obtained by writing to Glossary 
Reprints, 400 Starks Bldg., Louisville, Ky. The price is fifty cents per copy. Please make your 
check or money order payable to Glossary Reprints and enclose with your order. 





The next examination to be given by the American Board of Prosthodontics will be held 
at Northwestern University, School of Dentistry, Chicago, IIl., Aug. 31 through Sept. 5, 1959. 

Applications may be secured from the Secretary: Dr. Charles H. Jamieson, 563 David 
Whitney Bldg., Detroit 26, Mich. 





The American Dental Association Specification No. 13 for Self-curing Repair Resins has 
been revised effective January 1, 1959. The revised specification has been published in the 
J.A.D.A. Vol. 58 :136-137, March, 1959. 





The State University of Iowa, College of Dentistry, announces a Postgraduate Workshop 
to be held June 1 to 5, 1959. The following courses will be available: Crown and Bridge, 
Dentistry for Children, Oral Surgery, and Prosthetic Dentistry. 

For further information and application, write to Dr. William D. Coder, Coordinator of 
Conferences, Postgraduate Workshop, College of Dentistry, State University of Iowa, Iowa 
City, Iowa. 





The University of Kansas City, School of Dentistry, announces the following postgraduate 
courses : 

Oral Surgery, June 19 and 20, 1959. 

Materials in Dentistry, Sept. 3 and 4, 1959. 

Preventive and Interceptive Orthodontics, Oct. 14 to 16, 1959. 

Prosthetics, Nov. 4 to 6, 1959. 

For further information and application, write to Postgraduate Division, School of Den- 
tistry, The University of Kansas City, 1108 East 10th St., Kansas City 6, Mo. 
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University of Pennsylvania, School of Dentistry, announces the following postgraduate 
courses : 

Twin Wire Mechanism, June 1 to 5, 1959. 

Immediate Root Resection, June 1 to 6, 1959. 

For further information and application, write to Director, Postgraduate Courses, School of 
Dentistry, University of Pennsylvania, 4001 Spruce St., Philadelphia 4, Pa. 





The University of Washington, School of Dentistry, announces a new Graduate Program 
leading to a Master of Science degree. The following courses are available to properly qualified 
applicants: Fixed Partial Dentures, Operative Dentistry, Oral Pathology, Oral Surgery, Ortho- 
dontics, Pedodontics, Periodontics-Endodontics, and Prosthodontics. 

For further information and application, write to Dr. Saul Schluger, Director, Graduate 
Dental Education, University of Washington, School of Dentistry, Seattle 5, Wash. 





Tufts University School of Dental Medicine announces the following postgraduate refresher 
courses: 

Full Denture Prosthesis, June 1 to 5, 1959. 

Tenth Annual Berkshire Conference in Ora! Pathology and Periodontology at Eastover in 
Lenox, Mass., June 14 to 18, 1959. 

Clinical Dentistry for Children, June 15 and 16, 1959. 

Modern Concepts Regarding the Etiology, Diagnosis, and Treatment of Oral Disease, Sept. 
21 to 23, 1959. 

A Special Participation Course in Periodontology, Sept. 21 to 25, 1959. 

For further information and application, write to Director of Graduate and Postgraduate 
Studies, Tufts University School of Dental Medicine, 136 Harrison Ave., Boston, Mass. 





Temple University School of Dentistry announces the following graduate and postgraduate 
courses : 

Fundamental Periodontics, June 1 to 5, 1959. 

Immediate Root Resection, June 1 to 6, 1959. 

For further information and application, write to Postgraduate Division, Temple Univer- 
sity School of Dentistry, 3223 North Broad St., Philadelphia 40, Pa. 





The Department of Stomatology, Division of Graduate Studies, School of Medicine, Boston, 
University, and the Massachusetts Memorial Hospitals announce the following courses: 

Periodontal Therapy, Dr. Henry M. Goldman, Dr. Bernard S. Chaikin and Staff, Oct. 19 
to 24, 1959. 

Technics in the General Practice of Dentistry, Oct. 26 to 31, 1959. 

Occlusal Adjustment, Dr. Henry M. Goldman, Dr. Bernard S. Chaikin and Staff, Nov. 2 
to 6, 1959. 

Full Denture Prosthesis, Dr. Chester Landy, Nov. 9 to 13, 1959. 

Fixed Bridge Prosthesis, Dr. Leo Talkov and Dr. David J. Baraban, Nov. 16 to 20, 1959. 

Immediate Root Resection, Dr. Herbert Schilder, Nov. 30 to Dec. 4, 1959. 

Oral Pathology for Oral Surgeons, Dr. Jack Bloom and Dr. Henry Goldman, Jan. 11 to 16, 
1960. 

Removable Partial Denture Prosthesis, Dr. David J. Baraban, Jan. 21 to 23, 1960. 

For further information and application, write to Director, Postgraduate Courses, Depart- 
ment of Stomatology, Massachusetts Memorial Hospitals, 750 Harrison Ave., Boston 18, Mass. 





The Greater New York Academy of Prosthodontics will hold a Spring Scientific Meeting 
at the Barbizon-Plaza Hotel, New York City, on June 12, 1959, 














DIRECTORY 


OFFICERS OF THE ORGANIZATIONS WHICH HAVE THE JOURNAL OF PROSTHETIC DENTISTRY AS 
THEIR OFFICIAL PUBLICATION 


THE ACADEMY OF DENTURE PROSTHETICS 


President: Vincent R. Trapozzano, 3900 Central Ave., St. Petersburg, Fla. 
President-Elect: Harold L. Harris, 1325 East 16th Ave., Denver, Colo. 

Vice President: A. W. Sears, 2705 Atlantic Blvd., Jacksonville, Fla. 

Secretary-Treasurer: W. Les Warburton, 1004 Medical Arts Bldg., Salt Lake City 11, Utah. 
Associate Editor: Vincent R. Trapozzano, 3900 Central Ave., St. Petersburg, Fla. 

Next Meeting: La Concha Hotel, San Juan, Puerto Rico, June 19 to 24, 1960. 


THE AMERICAN DENTURE SOCIETY 


President: Carl T. Ostrem, 1107 Equitable Bldg., Des Moines, Iowa. 

President-Elect: Lindsey D. Pankey, 152 Alhambra Circle, Coral Gables, Fla. 

Vice President: LaMar W. Harris, 25 East Washington St., Chicago 2, III. 

Secretary-Treasurer: Victor L. Steffel, The Ohio State University, College of Dentistry, Co- 
lumbus 10, Ohio. 

Associate Editor: Chester Perry, 16350 East Warren, Detroit, Mich. 

Next Meeting: Roosevelt Hotel, New York, N. Y., Sept. 11 to 12, 1959. 


THE PACIFIC COAST SOCIETY OF PROSTHODONTISTS 


President: Charles Lipp, University of California Medical Center, College of Dentistry, San 
Francisco 22, Calif. 

President-Elect: Arthur W. Spaulding, 4350 11th Ave., Los Angeles 8, Calif. 

Vice President: Leon W. Marshall, 490 Post St., San Francisco 2, Calif. 

Secretary-Treasurer: Willoughby R. Wright, 218 Medical Arts Bldg., Santa Monica, Calif. 

Associate Editor: Roland D. Fisher, 604 South Central Ave., Glendale 4, Calif. 

Next Meeting: Rickys’ Hotel, Palo Alto, Calif., Aug. 13 to 15, 1959. 


THE AMERICAN ACADEMY OF RESTORATIVE DENTISTRY 


President: Allison G. James, 409 N. Camden Drive, Beverly Hills, Calif. 
President-Elect: Carlisle C. Bastian, 22 Central Park South, New York 19, N. Y. 
Secretary-Treasurer: Morton H. Mortonson, Jr., 735 N. Water St., Milwaukee 2, Wis. 
Associate Editor: William A. Garrett, 833 Candler Bldg., Atlanta 3, Ga. 

Next Meeting: Conrad-Hilton Hotel, Chicago, Ill., Feb. 6 and 7, 1960. 


THE AMERICAN ACADEMY OF CROWN AND BRIDGE PROSTHODONTICS 


President: Stanley D. Tylman, Univ. of Illinois, 808 S. Wood St., Chicago 12, Ill. 
President-Elect: William H. Hagen, 821 Medical-Dental Bldg., Seattle 1, Wash. 

Vice President: George C. Porteous, 3005 Holmes Ave. So., Minneapolis 8, Minn. 
Secretary: Willis E. Corry, 2165 Adelbert Rd., Cleveland 6, Ohio. 

Treasurer: Joseph E. Ewing, 6901 Loretto Ave., Philadelphia 11, Pa. 

Associate Editor: Stanley D. Tylman, Univ. of Illinois, 808 S. Wood St., Chicago, III. 
Next Meeting: Conrad-Hilton Hotel, Chicago, Ill., Feb. 6 and 7, 1960. 


THE GREATER NEW YORK ACADEMY OF PROSTHODONTICS 


President: S. Charles Brecker, 2 East 54th St., New York, N. Y. 
President-Elect: Gilbert P. Smith, 430 West 116th St., New York, N. Y. 
Secretary-Treasurer: Jerome M. Schweitzer, 730 Fifth Ave., New York 19, N. Y. 
Associate Editor: Gilbert P. Smith, 430 West 116th St., New York, N. Y. 
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